10 



15 



20 



25 



30 



35 



PATENT SPECIFICATION od 

(21) Application No. 51758/73 (22) Filed 7 Nov. 1973 

(31) Convention Application No. 304 813 

(32) Filed 8 Nov. 1972 in 

(33) United States of America (US) 
(44) Complete Specification published 24 Nov 1976 

(51) intcl. ^w^fffimanyTsi/*,™,^ 

(52) Index at acceptance 

U liJ 176 1464 1672 200 20Y 215 220 225 226 227 
22X 22Y 231 240 246 250 252 253 25Y 26X 280 
282 28X 302 304 30Y 314 31Y 339 342 34Y 351 
353 360 362 363 364 366 367 368 36Y 385 388 
389 38Y 409 40Y 47X 491 502 504 509 50Y 512 

5 }A lit 5 l Y 52Y 623 624 625 628 62X «3 643 
644 652 658 65X 662 66X 672 682 699 726 770 
774 779 790 79Y BJ BW KQ KR SC UF WT WK 
2L12B 2L19F 1L26F 7 8 J 
3A 3B 3D 5 7B 7D 



C2C 




C2P 
C3S 



(54) SUBSTITUTED 16,17,1 8,19,20-PENTANOR- 
PROSTAGLANDINS 

c. . ^'in , Wc ' P fJ^ ER R*C., a Corporation organized under the laws of th*. 
State of Delaware. United States of America, of 235 East 42nd lUet New York 
State of New York, United States of America, do hereby dtc^fi&nltion to 

ffSiSE 1 / £h a Pa L ent FY b , e gra i. ted to us ' and the it is ?o 

be performed, to be particularly described in and by the following statement— 5 
nrn , Th ! S , " ventlon rclates ^ «rtain novel analogs of the naturally oSnfl 
S rT^ n J, inS i ind l ° va ?° USnovel intermediate/and reiSiSunnTS? 
K?landins In " t0 nOVel '^7^8, 19, 20-pVnUor- 

^ C P ro , sta J landi n? arc C-20 unsaturated fatty acids which exhibit divert in 
physiological effects For instance, the prostaglandins of the E f and I A eriis are 
potent vasodilators (Bergstrom, et. ai. Acta Physiol. Scand 64 332-33 lMslnd 

o. 16 1— 169, 1969). Another well known phys o ogical action for PGE and PC,F 
is as a bronchodilator (Cuthbert, Brit. Med J. 4:723-726 1969) 2 
Sti another important physiological role for the natural Drostaelandin-; „ in 

been obtained for several prostaglandins of the E and F series as inducers of labor 

at.. Brit. Med J y 2:46W72 7^7) Md ^ ° f P ' atClet (Emmons, et 30 

IMBB • 

It was, of course, considered desirable to create analogs of the prostaglandins 
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which would have physiological activities equivalent to the natural compounds, 
but in which the selectivity of action and the duration of the activity would be 
increased. Increased selectivity of action would be expected to alleviate the severe 
side effects, particularly gastrointestinal side effects, frequently observed 
197?r' ng SyStCmic administration °f l he natural prostaglandins (see Lancet, 536, 

An aspect of the invention is concerned with a process for preparing a 
compound of the formula: 




(CH 2 ) n -0-(CH 2 ) m Ar 



-I 

and its C 15 epimer; 
wherein 

Ar is phenyl, 3,4-dimethoxyphenyl, 3,4-methylene-dioxyphenyl, 3,4,5-tri- 
methoxyphenyl; a- or /S-naphthyl or mono-substituted phenyl wherein said 
substituent is halogen, trifluoromethyl, phenyl, lower alkyl or lower alkoxy* 
wherein "lower" herein refers to groups containing 1 to 6 carbon atoms- 

R is hydrogen or lower alkyl; 

n and m are each O or integers from 1 to 3 with the proviso that the sum of n 
and m does not exceed 3; 

W is a single bond or cis double bond; 
Z is a single bond or trans double bond; 
M is oxo. 
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.OH 



'OH 
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N| and L when taken together form a single bond, or 
N' is rt-hydroxyl and L is hydrogen with the proviso that when N' and L 
together form a single bond M is oxo: 

X is />-phenylphenoxycarbonyl; 5-tetrazolyl: or 

O 
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35 



— CNHR" 

wherein R" is alkanoyl having from 2—10 carbon atoms or cycloaikanoyl having 
from 4 to 8 carbon atoms; aroyl or substituted aroyl of from 7 to 1 1 carbon atoms 
wherein said substituent is methyl, halogen or methoxy; alkylsulfonvl of from 1 to 
caropn atoms; arylsulfonyl or substituted arylsulfonyl wherein said substituent is 
methyl halogen or methoxy; the lower alkanoates. formates or benzoates of anv 
Tree hydroxy! groups at the C,-, C„- and expositions, which comprises:— ' 

a) when N' is ^-hydroxy and L is hydrogen and Ar. N, m, M, W, X and Z are as 
delmed above, hydrolysing with an acid a compound of Formula IIC — 
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or the C 13 epimer thereof, wherein Ar, n, m, W, Z and X are as defined above THP 
is 2-tetrahydropyranyl, and R 3 is hydrogen or THP, with the proviso that when R 3 
is hydrogen M is oxo; 

b) when N' and L, when taken together form a single bond, M is oxo and Ar n, m 
I , X vw nd Z ? re , as defined above * reacting a compound of Formula I, above* 

wherein N is a-hydroxy and L is hydrogen, M is oxo and Ar, n, m.R.W X and Z 
are as defined above, with an acidic dehydrating agent; 

c) when N' is a-hydroxy and L is hydrogen, M is 

/" 

or ■ 



'•OH 



f i«. r ' u' • a vt? are L as J der,ncd above, reducing a compound of the Formula 10 
I. above, wherein N' is a-hydroxy and L is hydrogen. M is oxo, Ar, n, m, R W X 

with defin K d ab °^' W,th a Carb0nyl reducin 8 ^nt which does no react 

with ester or carboxamide groups or carbon to carbon double bonds, and if 
desired, separating the 9a- and 9/J-isomers; 

15 H 7 ^" h ?T y K L !? h y dro ,g en - Ar - R . n, m, M and X are as defined above, 15 

and I W and Z are single bonds, catalytically hydrogenating a compound of Formula 

Ijc a S« V Ki W K h6r w " t T ' ^ m ' M and X are as def > ned above, W is a single bond or 

S doible 18 " ^ C b ° nd Z iS a Sin «' e b ° nd ^nW« a 

20 e) when N' is a-hydroxy L is hydrogen, Ar, R, n, m, X and M are as defined above 20 

W is a single bond and Z u a trans double bond, selectively hydrogenatine a' 
compound of Formula I, wherein Ar. R, n, m, X and M are JdefffediboTfnd 
W is a as double bond and Z is a trans double bond; 

f) when X is /7-phenylphenoxycarbonyl, Ar, R, n. m, L, N\ W and Z are as defined 
pheSpnenol;" 8 * C ° mP ° Und ° f f ° rmU,a 1 Wherein * is -COOHwSh 25 



g) when X is 



O 

ii 

— C — NHR" 



in m aS defined above ' M ' Ar - *• n » m . L - N', W and Z are as defined 

30 above, reacting a compound of Formula I above wherein X is COO H with In 10 
isocyana e of the formula R"NCO, wherein R" is as defined above and 
hydrolysing the compound thus obtained; and if desired, prepar S| the 9a- or 9? 
a theC tlZ r a * a "™ e \ fo "™« or benzoates ofWW1$ro7y groups 
35 acyTatinT ag'en'J C " P ° SlU ° nS * Sa,d com P 0 "" d ^ with tlfe ap/ropriafe 

a co^nTof JhfioSuI.^ ° f ^ """"^ rCSideS in a Pf0CCSS for * 




I A 



40 fh?,'^ 15 Cpi ^ Cr * wher ' in . Ar - R « m - w . Z and X are as hereinbefore defined 

40 he tn(lower alkanoatcs). tr.formates or tribenzoates of the free hydroxy groups a 

the C,-, C, r and expositions, which comprises:— 78 p 
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a) ysing with an acid a compound of Formul/ )- 



THPO 




OTHP 



Sefined? WhCrCin m ' W ' Z ' X and THP ar <= ■» hereinbefore 

b) reducing a compound of the formula: 



HO 




JB 



(CH4-0-(CH 2 ) ra Ar 



^,k S C V Cp J im "' wherein Ar, n, m, R, W, X and Z are as defined above with a 
cl So ctrhon 8 H ge hi ^ " ot „ rcact with ester or carboxamidTgr'oup or 
carbon to carbon double bonds, and then separating the 9a- and 9/3-isomers; 

c) catalytically hydrogenating a compound of Formula IA, above, wherein Ar R 

^ a d n ouWrho^H defi, !f d ^ 0VC ' W ! S a u SinglC b ° nd ° r cis double bond when Z is a 
/ra/u double bond and Z is a single bond when W is a cis double bond to a 

sws snss.'fcar where,n n - M and x ~ - 

Si 6 " X is ,^P hen y 1 P henox ycarbonyl, Ar, R, n, m, L, N', W and Z are as defined 
$eS P E; n8 a COmpOUnd of formula 1 w herein X is -COOH wkh 

e) when X is 

O 

— C — NHR" 

Sf„ rCin R \ iS aS defined above ' M - Ar < R - m. L. N\ W and Z are as defined 
above, reacting a compound of formula I above wherein X is COOH wfth «S 
isocyanate of the formula R"NCO wherein R" k « 11., k d 5 

g oups at t 'T «„ k d n r ateS) ' v f ° rm ! teS ° r tr .ibenzoates of tt?fre h$2k 

P ° S ' tl0nS " y rCaClin * said c ™P°""ds w&h th? 

a comp^nToirhe'fermuir 1 ° f the """"^ in a <> rOC « s for P"*"** 
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and its C,, epimer wherein Ar, R, n, m, W, Z and X are as defined above, the 
di(lower ajkanoates), diformates or dibenzoates of the free hydroxy groups at the 
C„- and expositions which comprises:— H 



a) hydrolysing with an acid, a compound of Formula IID:— 
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20 



77)PO 




ft "0J?3 



(CH 2 )-0-(CH 2 ) m Ar £0 



or its C„ epimer wherein Ar, R, m, n, W, Z, X, R 3 and THP are as defined above; 

b) catalytically hydrogenating a compound of Formula IB, above, wherein Ar X 
R, m and n are as defined above W is a single bond or a cis double bond when z'is a 
trans double bond and Z is a single bond when W is a cis double bond, to afford a 
compound of Formula IB wherein Ar, X, m, n, and R are as defined above and W 
and Z are single bonds; 

c) when X isp-phenylphenoxycarbonyl, Ar, R, n, m, L, N', W and Z are as defined 
above reacting a compound of formula I wherein X is — COOH with d- 
pnenylpnenol; y 



d) when X is 



0 

ii 



-NHR' 



wherein R is as defined above, M, Ar, R, n, m, L, N', W and Z are as defined 
above, reacting a compound of formula I above wherein X is COOH with an 
isocyanate of the formula R"NCO, wherein R» is as defined above, and 
hydrolysing the compound thus obtained, and, if desired, preparing the diflower 
alkanoates) diformates or dibenzoates of the free 11- and 15-hydroxy groups bv 
reacting said compounds with the appropriate acylating agents 

More specifically, an aspect of the invention resides in a process for preparing 
a compound of the formula:— v f<"'»k 
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(en 2 ) n -0-(CH;) m AR 



25 



and its C„ epimer, wherein Ar, R, m, n, W, X and Z are as hereinbefore defined 
c h o e mp res:- an0ateS> f0rmatCS ° r bCnZOatCS ° f the C X fShkh 
a) treating a compound of Formula IB, 
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or its C l5 epimer wherein Ar, R, m, n, W, X and Z are as defined above, with an 
acid; 

b) when X isp-phenylphenoxycarbonyl, Ar, R, n, m, L, N\ W and Z are as defined 
above reacting a compound of formula I wherein X is — COOH with n- 
phenylphenol; 1 

c) when X is 
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15 
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ii 

— C — NHR" 

wherein R* is as defined above, M, Ar, R, n, m, L, N\ W and Z are as defined 
above, reacting a compound of formula I above wherein X is COOH with an 
isocyanate of the formula R*NCO wherein R" is as defined above, and hydrolysing 
the compound, thus obtained; and, if desired, preparing the C I3 -lower alkanoates 
formates or benzoates by reacting said compound with the appropriate acylating 
agents. 

Within the ambit of the invention is a process for preparing a compound of 
the formula; — K 



THPO'* 




(CH 2 ) n -0-(CH 2 )^Ar • . HA A 



10 



15 



OTHP 



and the C„ epimer thereof wherein Ar, R, m, n, W, Z, X and THP are as 
Hereinbefore defined which comprises reacting a compound of Formula II:— 




THPO' V V \cH 2 ) n -0-^Vr 



20 Sth Ar ' R ' n ' m ' Z and THP are as defined 'bove, 20 

(C t H s ) 3 P=CH-CH 3 -CH J -CH J -X 

Ar, R m, X. n, and THP are as defined above, W is a cis double bond and Z is a 
TnH*™o bIe bond - to /° r T a L com PO"nd of formula II above wherein A? R m n 30 
and THP are as defined above and W and Z are single bonds selective^ 
hydrogenanng a compound of Formula HA above wherein Ar R m.' ri and THP 

comn^mi.")? # bOV ^^,'i a d £ double bond ™* *■ » a trans double bond o m 
35 wTc P » c? d / P° r "J u,a J IA . wherein Ar, R, m, X, n and THP are as defined above 

35 W is a single bond and Z is a trans double bond ■« 

comp F oTnd C oVThf KuIa:- inVenli0n * """^ With a P rOCCSS for * 
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THPO 




(CH 2 )„-0-(CH 2 ) m Ar 



and the C I3 epimer thereof; wherein Ar, R, m, n, W, Z, X and THP are as 
hereinbefore defined, which comprises reacting a compound of Formula IIA: 



THPO 




IA 



wherein Ar, R, n, m, X, W and Z are as defined above with chromic acid in 
aqueous sulfuric acid and acetone. 

In general, the present invention provides a compound of the formula: 




(CH 2 ) n -0-(CH 2 ) m Ar 



-I 



and its C I3 epimer; wherein Ar, R, n, m, W, Z, M, L, N' and X are as hereinbefore 
defined, and the lower alkanoates, formates and benzoates of the hydroxy groups 
at the C,-, C n - and expositions. 

More specifically, the present invention provides compounds of the 
Formulae: 




IA 



(CH 2 ) n -0-(CH 2 )^Ar 



and its C 15 epimer, 



HO 




IB 



R "OH 



(CH 2 )-0-(CH 2 ) m Ar 



and its C J5 epimer, and 




IC 



K X (CH 2 ) fr O-(cH 2 ) m AR 
OH 



and its C 13 epimer, wherein Ar, m, n, R, X, Y and Z are as defined above. 
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Additionally, the present invention provides a compound of the formula 
OH 



a: — 



THPCV" 




IIA 



(CH2) n_ 0 -(CH 2 )^Ar 



and the C 13 epimer thereof wherein Ar, R, n, m W 2 X and THP 
hereinbefore defined and a compound of the formilla v.- 



are as 



THPO 




SB 
K *0THP 



ss&a •an*"* 1 ' b<>,,d and its c » 'p™'- «*js?m r^trs. 



.OH 



'OH 



wherd; hy n d is° 0 y> m^f?p^5l^ Me b S d a " d r Z is * *»« double bond. 



/ 



OH 
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20 riSrrSr-^ » 
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M°re specifically, preferred compounds are 16 - phenoxy - 17 18 19 20 - 
tetranor - PGE 2 p - biphenylyl ester. 16 - phenoxy - 17,18,19,20 - tetranor - PGR 
ester P ' 6 " phen0Xy I7 > 18 - 19 . 20 " tetranor - PGF M /,-biphenylyl 

5 Also preferred are the C, epimers of the compounds of Formula IA 

Especially preferred prostaglandins are the following: 
A compound according to formula IIA wherein X is 

O 

ii 

— CNHR" 

R" is acetyl, W is a or double bond, Z is a trans double bond, R is hydrogen n 
10 and m are each O, Ar is phenyl. r B ' n 

A compound according to formula IIA wherein X is 5-tetrazolyl, W is a cis 
fepheny! d ° Ubh b ° nd * R ' S h y dro S en - " a "d m are each O, Ar 

A compound according to formula IIA wherein X is 



O 

ii 

—CNHR" 



and R" is methanesulfonyl, W is a cis double bond, 2 is a trans double bond R is 
hydrogen, n and m are each O, Ar is phenyl. 

A compound according to formula IIA wherein X is 



O 

ll 

—CNHR" 
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20 and R" is methanesulfonyl, W is a cis double bond, Z is a trans double bond R is 20 
hydrogen, n and m are each O, and Ar is m-methoxyphenyl 

The starting material for the various novel compounds of this invention are 
available commercially or are made by methods well known to those skilled in the 
art. r-or example, to make dimethyl 2-oxo-3-phenoxyDroDvlDhosrjhonate thp 

25 starting material for the synthesis of the \6v&*m-Wffl$0$^\^ 
aglandins, one cools a solution of dimethyl methylphosphonate in tet?ahydroSSn 
to -78 C in a dry nitrogen atmosphere and then adds n-butyllithium in hexane 

f tTThou ^ 78 f o C r r f h ,mng ' ™thyl.2- P henoxyacetate » added dropwlse After 
3 to 4 hours at -78°C the reaction mixture is warmed to ambient temperature 
30 neutralized with acetic acid and rotary evaporated to a white gel. The gdatinous 
™mh;„ a ii S l aken Up "! WatCr ' thc u n ueous Phase is extracted in chloroform and ?he 
Sec I product" " *" backwashed - dricd . a "d concentrated to give the 

r»„. T ° ^.substituted 16-phenoxy-17,!8,19,20-tetranor prostaglandins one 
35 requires substituted phenoxyacetic acids which are prepared by condensation 3S 
of appropriate phenol with a haloacetic acid or ester in presence of base as 
described by J M. Petersen, Acta Chem. Scandinavica, 5, 519 (1951 ) or M Bero™ 
Agn. Food Chern., 4, 49 (1956). Thus condensation of methyl ffomoaw7ate 
with sesamol in the presence of sodium methoxide gives the 3 }JeSnedioxl 

40 P «„T???; C ^ me 't yl eSter Similarl y- one mav P re P are p-chlo7JphZ x Tceti 40 
aad,3 4J-trimethoxyphenoxyacetic acid and p-phenylphenoxy acetic acid. y ° mC 

nhn JJnnt, aC t0 c f tcrs by tne usual met hod and thence into 

c5mp P ound SC " ° Ve f ° r thC unsubstituted I6-phenoxy starting 

To make the starting material for the 16-phenylpropoxy-17,18 19 20-tetranor- 45 
prostaglandins, one requires the 2-(3-phenylpVopoxy)acetic acid f his is prenared 
by method of Rothstein. Bull. Soc. Chim. 51. 691, ( 932), converted to the ester 
and thence to the phosphonate as described for the 16- P 'he n ox/^c 0 m? OU nd " 

To prepare the l6-b e n 2 yloxy-17.I8,I9,20-tetranorprotaglandins, one requires 
2-benzoyloxyacetic acid wh.ch is prepared by the method of H. Fisher and B 50 
Gohlke, Helv. Chim. Acta, 16. 1 130 (1933) and converted to the ester bv standard 
C m om h p 0 o d und and thCnCC l ° P h ° S P honate by th < ™<hod d^dfoV S^o? 
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Scheme A 

j? ? .ocw 3 

Ar-(CH 2 ) m -0-(CH 2 ) n C« 2 C0CO 3 — Ar-fCH^^O^CH^-C-C^-P^ 

0CH 3 




J3 R OH 



N — ' N — ' B R OH 



10 



When 16-phenethoxy-17,18J9,20-tetranorprostaglandins arc desired, one 
makes 2-(phencthoxy)acetic acid by, for example, the method of Rothstein, Bull. 

Ch ' m -\ 5 /- 69 J ( l ,9 32 ). converts it to the ester and thence to the phosphonate 
as described for the 16-phenoxy compound. 

To prepare the 17-phcnoxy-18.l9.20-trisnor prostaglandins, 3-phenoxv- 5 

Wnir?oS5,nd. rted l ° CStCr thCnCe l ° thC P hos P hona * « ^ the 

k rl!»H eP ^ l8-phenoxy-l9,20-bisnor prostaglandins. 4-phenoxybutvronitrile 

is refluxed with 10% aqueous methanolic HCI to convert it to the 4-bhenoxy- 

butync acid suitable for conversion to phosphonate as described forthe 16- 10 

pnenoxy case. 

To prepare the 19-phenoxy-20-nor prostaglandins, 5-phenoxyvaleric acid is 
prepared by the method of A. S. Carter, J. Am. Chem. Soc. 50, 1967 (1928) and 
converted to the phosphonate as described for the 16-phenoxy case. 



0 l]t_ 
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In 2-j the oxophosphonate 2 is reacted with the known (Corey a ai. J. Am. 
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Chem, Soc. 93. 1491 (1971)] aldehyde H to produce, after chromatography or 
crystallization, the enone 3. 

The enone 3 can be converted to a mixture of tertiary alcohols 13 and 14 by 
reaction with the appropriate metal alkyl and the isomeric 13 and 14 can be 
separated by column chromatography. The enone 3 can be reduced with zinc 
borohydride or with trialkylborohydrides, such as lithium triethylborohydride, to a 
mixture of alcohols, 4 and 5 which can be separated as above. In this reaction 
ethers such as tetrahydrofuran or 1,2-dimethoxyethane are usually employed as 
solvents, although occasionally methanol is preferred to ensure specificity of 
reduction. Further transformations of 4 are shown on Scheme B.: 

4~>6 is a base catalyzed hydrolysis in which the /?-biphenylyl-carbonyl 
protecting group is removed. This is most conveniently conducted with potassium 
carbonate in methanol or methanol-tetrahydrofuran solvent. 6-7 involves the 
protection of the two free hydroxyl groups with an acid-labile protecting group. 
Any sufficiently acid-labile group is satisfactory; however, the most usual one is 2- 
tetrahydropyranyl, which can be incorporated in the molecule by treatment with 
dihydropyran and an acid catalyst in an anhydrous medium. The catalyst is usually 
/Moluenesulfonic acid. 

Scheme B 



:CH 2 ) n -0-(CH 2 ) m Ar 





N (CH2) n -0-(CH^Ar / 
THP0 H OTHP ™ P0 8 H ^OTHP 



(CH 2 ) n -0-(CH 2 ) m Ar 



HO 



THP0 h'W 




ct^l_ u — * 



H OTHP 



i 



/— W(CH 2 ) n -0-(CH2) m Ar ,/"-W(CH2) n -0-(CH 2 ) m Ar 
HO' „' \) H HO H "OH 





12 



{O^-O-^Ar 
H OH ,5 

7-*8 is a reduction of the lactone 7 to the hemiacetal 8 using diisobutyl- 
aluminium hydride in an inert solvent. Low reaction temperatures arc preferred 
and -60° to -70°C are usual. However, higher temperature may be employed if 
over-reduction does not occur. 8 is purified, if desired, by column 
chromatography. The compo<i«<H<; 3 to <S; 13 and 14 are described and claimed in 
Application No. 23950/76, fS-.r.. Mo. 1,456.513). 
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5-9 is a Wittig condensation in which hemiacetal 8 is reacted with (4-carboxv- 
butyl)tnphenyIphosphonium bromide in dimethyl sulfoxide, in the presence of 
sodium methylsulfinylmethide. 9 is purified as above. 

The conversion 9-/ 2 is an acidic hydrolysis of the tetrahydropvranyl groups. 
Any acid may be used which does not cause destruction of the molecule in the 
course of the removal of the protecting group; however, this is accomplished most 
often by use of 65% y/v aqueous acetic acid. The product is purified as above 

9-/0 is an oxidation of the secondary alcohol 9 to the ketone 10. This mav be 
accomplished using any oxidizing agent which does not attack double bonds- 
however the Jones reagent is usually preferred. The product is purified as above ' 

W-1I is carried out m the same manner as 9-12. The product is purified as 
above. 

II -.15 is an acid-catalyzed dehydration. Anv acid mav he used for the process 
which does not cause extensive decomposition of the product, but the most usual 
procedure consists of dissolving // in an excess of 97°,, formic acid followed bv 
dilution with ice water and extraction of the product after the starting material has 
been consumed. The product is purified as above 
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Scheme C 



ON 



£H 2 ) ft -0-(CH 2 ) m Ar 
12' 




(CHi) n -0-(CH 2 ) m Ar 



OH 





15' 



/VCH 2 ) n -0-(CH2) m Ar 



^x^^(CH 2 ) n -0-(CH 2 ) m Ar 
R ''OH 



^^>^(c«2) n -0-(CH 2 ) m Ar 



HO V R 
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6%0-(CH 2 ) m Ar 



n .>~^V V ( CH 2)n- 0 -( CH ^m Ar 




HO V R 



(CH 2 ) n -0-(CH 2 ) m Ar 



18' 
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As is illustrated in scheme C, 5. 13 and 14 may be substituted for 4 in scheme 
B to provide prostaglandin derivatives IT — 18'. 

Scheme D illustrates the synthesis of precursors to the 13,14-dihydro-15-sub- 
stituted- 16, 1 7, 1 8, 1 9,20-pentanorprostagiandins. 

In 3^19 + 19' the enone 3 is reduced to the tetrahydro compound through the 
use of any of the complex metal hydride reducing agents, LiAlH 4 , NaBH 4 , KBH 4 , 
LiBH 4 and Zn(BH 4 )j. Especially preferred is NaBH 4 . The products, 19 and 19 are 
separated from each other by column chromatography. 

Furthermore, the compounds 4 and 5 of Scheme A can be reduced 
catalytically with hydrogen to 19 and 19' respectively. The stage at which the 
double bond is reduced is not critical, and hydrogenation of 6 or 7 of scheme B will 
also afford useful intermediates for the 13,14-dihydro-prostaglandin analogs of the 
present invention. This reduction may be achieved with either a homogenous 
catalyst such as tns(tnphenylphosphine)chlororhodium, or with a heterogeneous 
15 catalyst such as platinum, palladium or rhodium. In a similar wav the precursors to 

the I slower alky!-15-substituted-16,17J8,19,20-pentanorprostaglandins are 
synthesized by substituted compounds 13 and 14 for 4 and 5 respectively in the 
synthesis just described. The conversion of 19, 19\ 20' and 20 to their respective 
prostaglandins follows the route shown in scheme B when 4 is replaced by 19 19' 
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20 and 20 to yield the I3,14-dihydro-PGE 2 ,-PGA 2 and -PGF 2 series of 20 
prostaglandin derivatives containing hydrogen or lower alkyl group at carbon 15. 



Scheme D 
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m i-??S e in e iA E illustrates the preparation of the various reduced 15-substituted- 
Ib,17,l8,l9,20-pentanorprostaglandin precurosrs: 

19-*22 is carried out as illustrated on Scheme B for 4-9. 22 can he used as both 

n™ C ? U T r r'u 13 .' 14 - dih y dr °- ,5 - sub stituted-l6.17.l8,19,20-pentanor- 
prostaglandin of the 2-senes or as an intermediate to 23. a precursors a 13 14- 
d.hydro-l5-substituted-16,17,18.l9.20-pentanorprostaglandin of the "1-series" 
^Hnrtinn^r? ?o ' by catalytic hydrogenation using the catalyst described for the 
reduction of 4-19 of Scheme D. Intermediates of the type 21 are prepared by 
selective reduction of the 5,6-m double bond at low temperature using catalysts 
such as those described Tor 4-19 and 17-23. Especially preferred for this reduction 
m£ U i C . P a " adium 0" carbon as a catalyst and a reaction temperature of 

i* it 1 8 loVn™ ar r e L not onl > P rcc "rsors to 15-substituted- 

16,1 7,18,19,20-pentanorprostaglandms of the "1 -series" through the route 9-15 of 
scheme B, but also as a precursor to compounds of the tvpe 23 through the route 
already discussed for 22—23. ' 

Scheme £ 
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(CH 2 ) n -0-(CH 2 ) m Ar 
OTHP 



(CH 2 ) n -0-(b 2 ) m Ar 
H OTHP 

Furthermore, the 15-substituted-16.17.18,I9,20-pentanorprostagl a ndins of the E 
anL ff ,0 1 f?h,"-) mayb e ..° u b,a r mcd dirca - iy from thc corresponding pros ag andin 

The C„ epimers of 21. 22 and 23 can be used as precursors to the 1 5-mi seri^ 

„i.„J- 1 " dlhydr 1 0 u, 5 "i l0wcr alk >' | )- 15 - subs ^"ted-16.17.l8,l9 20-Dentanororost a 
glandins are ava,lab e from the appropriately substituted precursors I sSc E 
.In the foregoing procedures, where purification bv ZmltX T 
des.red, appropnate chromatographic supports includSneSral JumfnaS smca 
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gel and 60 — 200 mesh silica gel is generally preferred. The chromatography is 
suitably conducted in reaction-inert solvents such as ether, ethyl acetate, benzene, 
chloroform, methylene chloride, cyclohexane and n-hexane, as further illustrated 
in the appended examples. 
5 It will be seen that the foregoing formulae depict optically active compounds. 5 

It will be clear, however, that the corresponding racemates will exhibit valuable 
biological activity by virtue of their content of the above-mentioned biologically 
active optical isomer, and it is intended that such racemates also be embraced by 
the foregoing formulae herein and in the appended claims. The racemic mixtures 

10 are readily prepared by the same methods employed herein to synthesize the 10 

optically active species, by mere substitution of corresponding racemic precursors 
in place of optically active starting materials. 

In numerous in vivo and in vitro tests we have demonstrated that the new 
prostaglandin analogs possess physiological activities comparable to those 

15 exhibited by the natural prostaglandins. These tests include, among others, a test 15 

for effect on isolated smooth muscle from guinea pig uterus, guinea pig ileum and 
rat uterus, inhibition of histamine-induced broncnospasm in the guinea pig, and 
effect on dog blood pressure, inhibition of stress-induced ulceration in the rat, 
inhibition of gastric acid and pepsin secretion in rat and dog, inhibition of collagen 

20 or ADP-induced blood platelet aggregation and abortifacient activity in rats and 20 

guinea pigs by luteolytic and non-luteolytic mechanisms. 

The physiological responses observed in these tests are useful in determining 
the utility of the test substance for the treatment of various natural and 
pathological conditions. Such determined utilities include: antihypertensive 

25 activity, bronchodilator activity, antithrombogenic activity, antiulcer activity, 25 

smooth muscle activity [useful as an anti-fertility agent, for the induction of labor! 
and as an abortifacient], and anti-fertility activity through a mechanism not 
affecting smooth muscle, for example, luteolytic mechanisms, and the 
synchronization of the estrous cycle in farm animals. 

30 The novel compounds of this invention possess more selective activity profiles 30 

than the corresponding naturally occurring prostaglandins, and in many cases 
exhibit a longer duration of action. The 15-substituted-I6,17, 1 8, 19,20-pentanor- 
prostaglandins of the PGE 0 , F ofll F lflt F 20 , and 13,14-dihydro-PGF 2fl of the invention 
exhibit smooth muscle stimulant activity, whereas the corresponding derivatives of 

35 the A 0 , A„ A 2 and 13,14-dihydro-PGA 2 series have gastric antisecretory/antiulcer 35 

activity. 

Particularly useful for fertility control, abortion and induction of labor are the 
16-phenoxy-I7,18,19,20-tetranorprostaglandins of the invention of the E 2 , F 2n and 
F M series based on especially outstanding smooth muscle stimulating activity" and 

40 at the same time reduced blood pressure effects. Similarly, the substituted 40 

16,17,18, 19,20-pentanorprostaglandins of the invention of the PGE,, PGF ft 
PGF 1? , and 13,I4-dihydro-PGF 2 „ series are useful for fertility control including 
abortion and induction of labor on the basis of their smooth muscle stimulant 
activity. The novel 15-substituted-16,17J8J9,20-pentanorprostaglandin-13,14-di- 

45 hydro-E 2 analogs can be employed in the treatment of peptic ulcers. The' novel 45 

prostaglandins with a/i-OH at the 15-position are in general less potent, although 
frequently more selective than the corresponding rv-hydroxyl epimers 
Additionally, the prostaglandins having a /J-hydroxyl at C-15 are valuable inter- 
mediates to prostaglandins having a ->-hvdroxyl at C-15 through a recycling 

50 process involving an oxidation and reduction at C-15. 50 

The novel 15 lower alkyl compounds of this invention have the same profile of 
activity as the prostaglandin analogs of this invention, where R is hydroeen, from 
which they are derived. Their special utility is concerned with the fact that their 
duration of action is much increased over the above said compounds, where R is 

55 hydrogen, and in such cases where this is essential the 15-lowcr alkyl compounds 55 

are usually preferred. The prostaglandin analogs which have a beta hydroxyl at C,< 
and possess a C„ lower alkyl group have action which is similar to their epimers In 
some cases, however, the selectivity that these compounds display exceeds that of 
the epimeric compounds. 

60 The new compounds of this invention can be used in a variety of 60 

pharmaceutical formulations which contain the compound, and they may be 
administered in the same manner as natural prostaglandins by a variety'of routes 
such as intravenous, oral, intravaginal, intra- and extra-amniotic, among others' 
for induction of abortion, tablets or an aqueous suspension or alcoholic 

05 solution of a 1 6-phenoxy- 17,18,1 9,20-tetranorprostaglandin of the invention would 65 



1* C\. 1.456.512 O 

appropriately be administered at oral doses of 0.1— 20 mg., with 1—7 doses per 
day being employed. For intravaginal administration a suitable formulation would 
be lactose tablets or an impregnated tampon of the same agent. For such 
trea ments suable doses would be from 0.1-20 mg/dose with i_7 doses being 
5 employed. For intra-amniotic administration a suitable formulation would be an «; 

For extra-ammotic administration a suitable formulation would be an aqueous 
so ut.on containing 0.005-1 mg/dose with 1-5 doses being einXvcd 

10 can be infused intravenously For induction of abortion at doses of 0 05-50 m 
«g/m.nute for a period of from 1-24 hours. For synchronization of the estrous 
cycle in pigs, sheep cows or horses, a solution or suspension containing 0 01—10 

a fiL 0f H 1 i-P heno ^- , 1 7 - 1 8.19.20.tetranorprostagland.n of the intention i, 
administered subcutaneouslv from 1—4 davs 

15 a J r ^ u J stitu,e d-16.17.18.19.20-pcntanorprostaglandins of the invention of the 15 

A series are useful gastnc anusecrctorv and antiulcer agents as arc the 1< 
subst ! tuted.|6.17.l8.1?.20.pentanor P rostaglandins of the invention of the E series 
For treatment or peptic ulcers these compounds are administered preferably oralis 
in the form of capsules or tablets at doses of 0.001 to 0.1 mg/ki/dav 

PrCparC an> ' of . tne . abovc -dosage forms or any of the numerous other forms 20 
K k ? r,0US . rea f l ' on -J nert dll "ents, excipients or carriers mav be employed 
Such substances include for example, water, ethanol. gelatins, lactose, starches' 
magnesium stearate talc, vegetable oils, benzyl alcohols, gums, polyalkvlene 

25 §Hh' P K tr0,e K m Je " y ' chol « terol « and other known carriers for medSments If 

desired, these pharmaceutical compositions may contain auxiliary substances such 25 

s a uc P h rC a S s e a V nKtks tS ' WeU ' n8 agemS ' StabiHzing agents - or other therapeutic agents 
Various modifications are possible on the upper side chain of the 
prostaglandins of this invention; such modifications do not, as a rule alter the 
30 basic biological activity of the prostaglandin, although they may' increase 30 

e ectiv. y and duration of action further and reduce toxicity. For example a 5- 
tetrazoyl group may be placed at the C, position as described in United Kingdom 
nh e e n n o,v P Prp Ca H t,0 ?, NO - ,373 ^- F ° r eXam P' e ' 2-decarboxy-2-(tetra Z ol3) d ?6 
IS forTnH,^? 2 r h fV he Sam ,f Ul ! ,Ity 3S j^Phenoxy-PGE, biphenylyl ester; namely. 

35 and £S,° oft 0 ;! 0 / uters. 0 "' ^ ^ *° ° f gaStriC add ^™ 35 

„ r „ , An I otn . er U PP" ? ide chain modification which may be made in the 
prostaglandins of this invention is substitution of the carboxylate group at the C 

40 5Sose n d in" V^T^T^' 7*" f ° r P re P aring thcsc compounds are 

w disclosed in Lnited Kingdom Patent Specification No. 1.439.511. Alternatively 40 

the novel compounds of this invention represented by formulae I and II (where X 



O 

CNHR" 



45 



50 



45 Scheme B "1 " defincd P™}?"* y>. may be prepared from compound 10 of 

r^rZl L ( tK o hC con * s P? nd,n « 1 5-cpimers of 1 5-lower alkyl derivatives of 1 0) bv 
reaction with appropriate isocyanates, fo lowed by hydrolysis with dilute acid Th^ 
utility of "- m ethvlsulfon y l.I6-phenoxy-17,l8^ 

for example ,s the same as that of 16-phenoxy PGE, diphenylyl J es Y e r r D ° XJm,de - 
50 simnfv Jit P y i y ' 'f 1 ? °f thc '" vcnt '°n are prepared in the Examples by 

■ .1 ^P^ny'P" 6 " 01 to the prostaglandin preferably in methylene 
hJLvWcLh n H- hC / reSC ^ e ° f a dch y d rating agent for example, N.wSrto- 
2 arbodiimide. and stirring overnight. Although not more potent in in v tro 
PGE nTprV h k° ? C tnt evaluation of 16-phenoxy- 17, 1 8, 19.2oTetranS 
55 ;S h c f nd •Pp.^./'-b'Pheny lyl esters demonstrated that these p-biphenylyl-esters 
55 possess physiological activities markedly greater than those of the free acids 55 

XXXm to mvm n 'T'? g E u Xamplcs XXI * XXHI - XX,V to XXXI and 
XXXIII to XXXVIII illustrate the invention. In these Examples it will be 

appreciated that all temperatures are expressed in Centigrade a P | me ting and 
boiling points are uncorrected. mcning ana 

W The words "Mallinckrodf and "Darco" are registered Trade Marks. 60 
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EXAMPLE I. 
Dimethyl 2-Oxo-3-phenoxypropylphosphonate: 
A solution of 33.2 g (268 mmoles) dimethyl methylphosphonate (Aldrich) in 
360 ml dry tetrahydrofuran was cooled to -78° in a dry nitrogen atmosphere. To 
the stirred phosphonate solution was added 118 ml of 2.34 M w-butyllithium in 5 
hexane solution (Alfa Inorganics, Inc.) dropwise over a period of 18 minutes at 
such a rate that the reaction temperature never rose above -65° After an 
additional 5 minutes stirring at -78°, 22.2 g (134 mmole) methyl 2-phenoxy acetate 
was added dropwise at a rate that kept the reaction temperature less than -70° (20 
minutes). After 3.5 hours at -78° the reaction mixture was allowed to warm to 10 
ambient temperature, neutralized with 14 ml acetic acid and rotary evaporated to 
a white gel. The gelatinous material was taken up in 175 ml water, the aqueous 
phase extracted with 100 ml portions of chloroform (3x), the combined organic 
extracts were backwashed (50 cc H 2 0), dried (MgS0 4 ), and concentrated (water 
15 aspirator) to a crude residue and distilled, b.p. 172—175° (0.5 mm) to give 24.6 g 15 

dimethyl 2-oxo-3-phenoxypropylphosphonate. 

The nmr spectrum (CDCI 3 ) showed a doublet centered at 3.755 (J=ll 5 cos 
6H) for v r » 

O 

II 

(C//3O)— P— 

20 a singlet at 4.75 (2H) for C fi H 3 0 — C H 2 — CO — , a doublet centered at 3.245 (J=23 20 

cps, 2H) v 

O 

11 

— C— CH 2 — P— 
and a multiplet at 6.8— 7.5<5 (5H) for the aromatic protons. 

EXAMPLE II. 

25 2 -I3a-/?-Phenylbenzoyloxy-5a-hydroxy-2/J-(3-oxo-4-phenoxy-?/*a^-l- 25 

butenyl)cycIopent-la-yI] Acetic Acid, y-Iactone: 
Diethyl 2 - oxo - 3 - phenoxypropylphosphonate (5.4 g), 21 mmole) in 
200 ml anhydrous diethyl ether was treated with 7.9 ml (19 mmole) 2.5 M n-butyl- 
hthium in n-hexane (Alfa Inorganics, Inc.) in a dry nitrogen atmosphere at room 

30 temperature. After 5 min. of stirring, an additional 400 ml. of anhydrous ether 30 

was added followed by 6.0 g (17 mmole) 2 - [3a - p - phenylbenzoyloxy - 5a - 
hydroxy - 2fl - formylcyclopent - la - yllacetic acid, y-lactone in one portion and 
50 ml anhydrous diethyl ether. After 35 minutes the reaction mixture was quenched 
with 5 ml glacial acetic acid and washed with 100 ml saturated sodium bicarbonate 

35 solution (4 x), 100 ml water (2 x), 100 ml saturated brine (1 x), dried (MgS0 4 ) and 35 

evaporated to yield 5.2 gm 2 - [3a - p - phenylbenzoyloxy - 5a - hydroxy - 2/3 - 
(3 - oxo - 4 - phenoxy - trans - butenyl)cyclopent - la - yljacetic acid, y-lactone 
as a solid after column chromatography (Silica gel, Baker, 60—200 mesh)- mp 
112—114° after crystallization from methylene chioridehexane. 

40 The ir spectrum (KBr) of the product exhibited absorption bands at 1775 40 

cm" (strong), 1715 cnr 1 (strong), 1675 cm" 1 (medium) and 1630 cm" 1 (medium) 
attributable to the carbonyl groups and at 970 cnr' for the trans double bond. 

EXAMPLE III. 

2 - [3a - p - Phenylbenzoyloxy - 5a - hydroxy - 2/5 - (3a - hydroxy - 4 - phenoxy - 
^ ™ - * - butenyl)cyclopent - la - yllacetic acid, y - lactone: 45 

To a solution of 5.1 g (10.5 mmole) 2 - [3a - p - phenylbenzoyloxy - 5a - 
hydroxy - 2/5 - (3 - oxo - 4 - phenoxy - trans - 1 - butenyl)cyclopent - la - yllacetic 
acid, y - lactone in 30 ml dry 1,2 - dimethoxyethane in a dry nitrogen atmosphere 
at ambient temperature was added dropwise II ml (5.5 mmole) of a 0.5 M zinc 
borohydnde solution. After stirring at room temperature for 2 hours, a saturated 50 
sodium bitartrate solution was added dropwise until hydrogen evolution ceased 
The reaction mixture was allowed to stir for 5 minutes at which time 250 mi 
dry methylene chloride was added. After drying (MgSO<) and concentrating (water 
aspirator) the resultant semisolid was purified by column chromatography on silica 
gel (Baker "Analyzed" Reagent 60—200 mesh) using ether as eluent. After 55 
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elution of less polar impurities a fraction containing 896 mg 2 - \\> - n - nhcnvl- 
benzoyloxy - 5,» - hydroxy - 2/? - (3* - hydroxy - 4 - phenoxv - nans - 1 - butenvl)- 
cyclopen - \a - yljacetic acid, y - lactone, a 600 mg fraction of mixed 4 and 5 
< * f h fraCt '°, n ( 'i 5 gm) of 2 * |3 " * P ■ Phenylbenzoyloxy - 5„ - hydroxy - 

y -"lactone * * ' ' phe "° Xy " tnm " 1 " &"tenyl)cyclopent - I,. - yllacetic acid. 

17.S T r^-« r a S „ P H C l mT l {CH P 3) ° f n^ had s, ,?« carbon y' absorptions at 1770 and 
1715 cm and an absorption at 970 cm"' for the trans double bond. 

in , < r>- L , EXAMPLE IV. 

10 - - [3a,5r* - Dihydroxy - 2/5 - (3a - hydroxy - 4 - phenoxy - trans - 1 - butenyl) 

cyclopent - let - yljacetic acid, >• - lactone- 
A heterogeneous mixture of 846 mg (1.7 mmolc) of 2 - [3,> - p. phenyl - 
benzoyloxy - 5a - hydroxy - 2,3 - (3„ - hydroxy - 4 - phenoxy - trans - 1 - buten'yl)- 
cyclopent - la -yljacetic acid. - lactone, 10 ml of absolute methanol and 120 mg 
15 ol finely powdered, anhydrous potassium carbonate was stirred at room 

temperature for 20 hours then cooled to 0°. To the cooled solution was added 
.75 ml of 1.0/V aqueous hydrochloric acid. After stirring at 0° for an additional 
minutes, 10 ml. of water was added with concomitant formation of methyl 
^-phenylbenzoate which was collected by filtration. The filtrate was saturated 
20 with solid sodium chloride, extracted with ethyl acetate (4 > 10 ml ) the combined 

?lf * xtracts were washed wit " saturated sodium bicarbonate (10 ml.) dried 
(MgS0 4 ) and concentrated to give 445 mg of viscous, oily 2 - [3„,5„ - dihydroxy - 
20 - (3a - hydroxy - 4 - phenoxy - trans - 1 - butenyl)cyclopent - la - yllacetic 
acid, j- - lactone. J J< "" cl "- 

25 The ir spectrum (CHC1,) exhibited a strong absorption at 1772 cnr' for the 25 

lactone carbonyl and medium absorption at 965 cm 1 for the »w«-double bond. 

, rc EXAMPLE V. 

Lin ;W rox y •}<* - (tetrahydropyran - 2 - yloxy) - 2,1 - (3a - tetrahydro- 
pyran - 2 - yloxy - 4 - phenoxy - trans - 1 - butenyl)cvclopent - 1„ - yllacetic 
M acid, y - lactone: 

To a solution of 445 mg (1.46 mmole) 2 - [3a. 5a - dihydroxy - ■>« - (3„ - 
hydroxy - 4 - phenoxy - trans - 1 - buten - yl)cyclopent - la - yllacetic acid 
)■ - lactone in 5 ml anhydrous methylene chloride and 0.4 ml of 2.3 - dihydropvran 
« hlSjt" \ f? n ' tro ? en f a tmosphere was added 5 mg />-toluenesulfonic acid, mono- 

1 .u"™ , f ° r 15 minutcs ' the reaction mixture was combined with 100 35 
ml ether, the ether solution washed with saturated sodium bicarbonate (1 x 15 ml) 
\ hc ?J^ mc * brine r j 1 y ' 5 J m| ) > dried (MgSO.) and concentrated to yield 752 mg 
(~>100 „) crude 2 - [5a - hydroxy - 3a - (tetrahydropyran - 2 - yloxy) - 2<\ - (In - 

40 .S h c^?^o 2 n;. y,OXy ' 4 " PhCn ° Xy " ^ ■ ' " but ^^ni U yl|- 

, J he ' r (CHCIj) spectrum had a medium absorption at 970 cm"' for the /re- 
double bond, and at 1770 cnr' for lactone carbonyl. 

ire u ^ EXAMPLE VI. 

45 }• "„iS? ro 2 y "i" * ( tetrah - vdr °Py ra n - 2 - yloxy) - 2,5 - (3a - tetrahydropyran - 

2 - ylox> - 4 - phenoxy - trans - I - butenyl)cyclopent - la - yllacetaldehyde. 

y - hemiacetal: 

2 vloxlwT n 69 ? ? lg K°A 46 mm ° le) -, 2 • [ ?" - hydroxy ■ 3 " - tetrahydropyran - 
y V i " (3 ?, " tct . rah y dro Pyan - 2' - yloxy - 4 - phenoxy - trans - 1 - butenyl) 
cyclopent - la - yllacetic acid, - lactone in 8 ml dry toluene was cooled to -78" 
in a dry nitrogen atmosphere. To this cooled solution was added 2 0 ml of 20° 50 
d.isobutylalum.nium hydride in n-hexane (Alfa Inorganics) dropwise at such a 
rate so that the internal temperature never rose above 65° (15 minutes) After 
an additional 45 minutes of stirring at -78°, anhydrous methanol was added until 
gas evolution ceased and the reaction mixture was allowed to warm to room 
™- PC !3i- lire ' . rcact,on """"re was combined with 100 ml ether, washed with 55 
50 „ sodium potassium tartrate solution (4 x 20 ml), dried (Na,SO ) and con 
centrated to yield 613 mg 2 - (5. - hydroxy - 3, - (telrahydmpvran 2 yk>xy) 

? ' ' H a K yd /° Pyra !! ' 2 * yl0Xy • 4 " P henox - v - trans - 1 " b"tenyl)cyclopen - 
1 - yllacetaldehyde, y - hemiacetal. 
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EXAMPLE VII. 

9a - Hydroxy - 1 la, 15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 
17,18,19,20 - tetranor - cis - 5 - trans - 13 - prostadienoic acid: 
To a solution of 1.6 gm (3.6 mmole) (4 - carboxybutyDtriphenylphosphonium 
5 bromide in a dry nitrogen atmosphere in 6.0 ml dry dimethyl sulfoxide was added 5 

3.24 ml (6.5 mmole) of a 2.0M solution of sodium mcthylsulfinylmethide in dimethyl 
sulfoxide. To this red ylide solution was added dropwise a solution of 613 mg 
(1.29 mmole) 2 - [5a - hydroxy - 3a - (tetrahydropyran - 2 - yloxy) - 2/5 - (3a - 
tetrahydropyran - 2' - yloxy - 4 - phenoxy - trans - 1 - butenyl)cyclopent - la -yl]- 
10 acetaldehyde, y - hemiacetal in 5.0 ml dry dimethyl sulfoxide over a period of 10 

20 minutes. After an additional 2 hours stirring at room temperature, the reaction 
mixture was poured onto ice water. The basic aqueous solution was washed twice 
with ethyl acetate (20 ml) and acidified to pH 3 with 10% aqueous hydrochloric 
acid, the acidic solution was extracted with ethyl acetate (3 x 20 ml) and the 
15 combined organic extracts washed once with water (10 ml), dried (MgS0 4 ) and 15 

evaporated to a solid residue. This solid residue was triturated with ethyl acetate 
and the filtrate concentrated to yield 754 mg of 9a - hydroxy - 11 a, 15a - bis - 
(tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis- 5 - trans - 
13 - prostadienoic acid was collected. Infra-red spectrum (CHC1,) displayed a 
20 strong band at 1720 cm" 1 for the carboxyl group. 20 

EXAMPLE VIII. 

9 - Oxo - 1 la,15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - 
tetranor - cis - 5 - trans - 13 - prostadienoic acid: 
To a solution cooled to -10° under nitrogen of 754 mg (1.3 mmole) 9a- 

25 hydroxy - I la, 15a - bis - (tetrahydropyran - 2 - yloxy) - 16 -phenoxy - 17,18,19,20- 25 

tetranor - cis - 5 - trans - 13 - prostadienoic acid in 13 ml reagent grade acetone 
was added dropwise to 0.56 ml (1.41 mmole) of Jones' reagent. After 20 minutes 
at -10°, 0.260 ml. 2-propanol was added and the reaction mixture was allowed 
to stir an additional 5 minutes at which time it was combined with 75 ml ethyl 

30 acetate, washed with water (3 x 10 ml.), dried (MgS0 4 ) and concentrated to give 30 

752 mg. of 9 - oxo - 1 la,15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 
17,18,19,20 - tetranor - cis - 5 - trans - 13 - prostadienoic acid, which was 
chromatographed on silica gel using ethyl acetate as eluent to afford 505 me of 
pure 10. 

35 EXAMPLE IX. 35 

9 - Oxo - 11 a, 15a - dihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - 
trans - 13 - prostadienoic acid: 
A solution of 505 mg (0.9 mmole) 9 - oxo - 1 l,i.]5a - bis - (tetrahydropyran- 
2 - yloxy) - 16 - phenoxy - 17.18,19,20 - tetranor - cis - 5 - trans - 13 - prostadienoic 

40 acid in 6.3 ml. of a 65:35 mixture of glacial acetic acid:water was stirred under 40 

nitrogen at 25° for 18 hours then was concentrated by rotary evaporation. The 
resultant crude oil was purified by column chromatography on silica gel 
("Mallinckrodf CC-4 100—200 mesh) using ethyl acetate as eluent. After elution 
of less polar impurities the oily 9 - oxo - lla,15a - dihydroxy - 16 - phenoxy - 

45 17,18,19,20 - tetranor - cis - 5 - trans - 13 - prostadienoic acid weighing 210 me 45 

was collected. 

Ir (CHCIj) displayed a broad band at 1725 cm" 1 for carbonyl absorptions, and 
a band at 970 enr 1 for the 13,14 - trans - double bond. 

cn EXAMPLE X. 

50 1 la, 1 5a - tnhydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - 50 

prostadienoic acid: 

A mixture of 375 mg (0.65 mmole) 9a - hydroxy - lla,15a - bis - (tetra- 
hydropyran - 2 - yloxy) - 16 - phenoxy - 17.18,19,20 - tetranor - cis - 5 - trans - 13 - 
prostadienoic acid, acetic acid (6.5 mi) and water (3.5 ml) was stirred under 

55 nitrogen at room temperature for 20 hours. The resulting clear solution was con- 55 

centrated under reduced pressure and the residue (380 mg) was dissolved in 
ethyl acetate. The ethyl acetate solution was washed with brine (20 ml), dried 
(NaSOJ and concentrated to a clear oil. Chromatography on silica gel 
(Mallinckrodt CC-7) using chloroform and then ethyl acetate as eluent afforded 

60 the desired product, 9a, 11 a, 15a - trihydroxy - 16 - phenoxy - 17,18,19,20 - 60 

tetranor - cis - 5 - trans - 13 - prostadienoic acid as a colorless oil weighing 98*mg. 
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EXAMPLE XI. 

9a - Hydroxy - 1 la, 15a - bis - (tetrahydropyran - 2 - yloxv) - 16 - phenoxy - 
17,18,19,20 - tetranorprostanoic acid: 
A mixture of 190 mg (0.33 mmolc) 9a - hydroxy - 1 la, 15a - bis - (tetrahydro- 
5 pyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - 

prostadienoic acid, 5% palladium on carbon (150 mg) in methanol (10 ml) is stirred 
under an atmosphere of hydrogen for 60 hours at room temperature. The mixture 
is filtered and concentrated to give 9a - hydroxy - 11a, 15a - bis - (tetrahydro- 
pyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - tetranorprostanoic acid. 

10 EXAMPLE XII. 

9a,l - Tnhydroxy - 16 - phenoxy - 17.18,19,20 - tetranorprostanoic acid- 
Hydrolysis of 20 mg 9a - hydroxy - 1 1 a, 1 5a - bis - (tetrahydropyran - 2 - yloxy)- 

16 - Phenoxy - 17,18,19,20 - tetranor - prostanoic acid is carried out with acetic 

acid (0.5 ml) and water (0.3 ml) under nitrogen at room temperature for 20 hours 
15 Purification as described in Example X affords pure 9a,lla,15a - trihydroxy - 15 

16 - phenoxy - 17,18,19,20 - tetranorprostanoic acid. 

EXAMPLE XIII. 

9 - Oxo - I la, 15a - dihydroxy - 16 - phenoxy - 17,18,19,20 - tetranorprostanoic 

acid: 

20 A solution of 186 mg (0.3 mmole) of the product of ""Example XI in 3 ml 20 

acetone is oxidized with 0.14 ml (0.35 mmole) of Jones 1 reagent as described in 
Example VIII. Isolation of the product and hydrolysis with acetic acid and water 
at room temperature as described in Example IX gives pure 9 - oxo - 1 la 15a - 
dihydroxy - 16 - phenoxy - 17,18,19,20 - tetranorprostanoic acid. 

25 EXAMPLE XIV. 25 

9 -Oxo- 15a -hydroxy- 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5,10, trans- 13- 

prostatrienoic acid: 

n io A iJrin tUrC ° f52 mg(ai mmole)9-oxo- 1 la, 15a - dihydroxy - 16- phenoxy - 
17,18,19,20 - tetranor - cis - 5 - trans - 13 - prostadienoic acid with 0.2 ml 97°' 

30 formic acid is stirred at 25° for 2.5 hours. About 5 ml ice-water is added to the 30 

reaction mixture which is then extracted with ethvl acetate, dried (Na 2 S0 4 ) and 
concentrated to give a crude oil. Chromatography of the crude product on silica 
gel (Mallinckrodt CC-7) using methylene chloride-ethyl acetate as eluent gives 
the desired 9 - oxo - 15a - hydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 

35 5 y \0jrans - 13 - prostatrienoic acid. 

EXAMPLE XV. 

9 -Oxo - 15a -hydroxy - 16 - phenoxy - 17,18,19,20 - tetranorprost - 10 - enoic acid- 
9 - oxo - 11a, 15a - dihydroxv - 16 - phenoxv - 17,18,19,20 - tetranor- 
prostanoic acid is treated with 97% formic acid as described in Example XIV 
40 and converted to colorless oil 9 - oxo - 15a- hydroxy - 16 -phenoxv - 17 18 19 20- 

tetranorprost - 10 - enoic acid. 

- r , EXAMPLE XVI. 

2 - [3a -p - Phenylbenzoyloxy - 5a - hydroxy - 2/5 - (3 - hydroxy - 3 - methyl - 4 - 
phenoxy - trans - I - butenyl)cyclopent - la - yilacetic acid, y - lactone 
To a solution of 2 - [3a - d - phenylbenzoyloxy - 5a - hydroxy - 2/5 - (3 - oxo - 

7jfi ft;^; 1 '^^r^ 0 ?^ 1 - '? - y,lacetic acid > >• - laclone to 

~ *u l , n ,SL c . lhyl . ether - THF . 1S added dropwise one equivalent of 2N solution of 
methyl lithium in ether After stirring at -78° for 15 minutes the reaction is 
quenched by addition of glacial acetic acid, sufficient to bring pH up to 7 The 
T' X l U ^i IS c^ tcd T 1 * meth - vlcnc chloride, washed with water, saturated brine 
dried (Na,S0 4 ) and concentrated to give the oily epimeric alcohols. The crude 
product is purified by column chromatography on silica gel to give the desired 
2 - [3a -p - phenylbenzyloxy - 5a - hydroxy - 2/5 - (3 - hydroxy - 3 - methyl - 4 - 
phenoxy -trans - 1 - butenyl)cyclopent - la - yilacetic acid, ^-lactone, which may 
be converted to give 17 and IT through steps previously outlined for the 
preparation of 9 - oxo - 1 la, 15* - dihydroxy - 16 - phenoxy - 17,18 19 20 - cis - 5 - 
trans - 13 - prostadienoic acid. 
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Hydrolysis with acetic acid and water in the usual manner affords 
16 - phenoxy - PGF 1o . 



EXAMPLE XVII. 

2 - [3a - p - Phenylbenzyloxy - 5a - hydroxy - 2/3 - (3a - hydroxy - 4 - phenoxy - 
butyl) cyclopent - lor - yljacetic acid, ^-lactone: 
A heterogenous solution of 2.5 g of 2 - [3a - p - phenylbenzoyloxy - 5a - 

5 hydroxy - 2/5 - (3a - hydroxy - 4 - phenoxy - trans - 1 - butenyl)cvclopent - la - yl]- 5 

acetic acid, ^-lactone and 0 2 s g of 5 % palladium on charcoal in 30 ml of absolute 
methanol is stirred under 1 atmosphere of hydrogen for 4 hours. The mixture is 
then filtered and concentrated to afford 2 - [3a - p - phenylbenzoyloxy - 5a - 
hydroxy - 2/5- (3 - oxo - 4 - phenoxybutyI)cyclopent - I a - yljacetic acid, v - lactone 

V To a solution of 1.9 g of the crude hydrogenation product above in 20 ml of 10 

absolute methanol is added excess sodium borohydride and the solution is stirred 
at room temperature under nitrogen for 2 hours, and then concentrated The 
residue is diluted with 0.1 N hydrochloric acid and the aqueous layer is extracted 
with ethyl acetate. The combined organic extracts are washed with saturated 

5 brine, are dried (Na 2 S0 4 ), and are concentrated. Purification of the crude residue i 5 

by silica gel chromatography affords 2 - [3a - p - phenylbenzyloxy - 5a - hydroxy - 
2/3 - (3a - hydroxy - 4 - phenoxybutyl)cyclopent - la - yljacetic acid, v - lactone 
and the 3^3 - hydroxy epimer. 

This is converted to the 1 3, 1 4 - dihydro E 2 and compounds using methods 

0 employed in Examples V to IX. 

EXAMPLE XVIII. 

9a - Hydroxy - ] la, 15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 
17,18,19,20 - tetranor - trans - 13 - prostenoic acid: 
A heterogeneous mixture of 800 mg of 9a - hydroxy - 1 la 15a - bis - (tetra - 
■=> hydropyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - 

prostadienoic acid and 80 mg of 5% palladium on charcoal in 10 ml of absolute 
methanol is stirred under 1 atmosphere of hydrogen at -22° for 5 hours The 
mixture is then filtered and the filtrate is concentrated to afford 9a - hydroxy 
lla,15a -bis -(tetrahydropyran -2- yloxy)- 16-phenoxy- 17,18,19,20- tetranor 
u 13 - trans - prostenoic acid. 
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EXAMPLE XIX. 

9 - oxo - i la, 15a - dihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - trans - 13 - 
J prostenoic acid: 35 

A solution of 72 mg 9 - oxo - 1 1 a, 1 5a - dihyaroxy - 16-phenoxy - 17,18,19,20- 
tetranor - cis - 5 - trans - 13 - prostadienoic acid in 5 ml of anhydrous diethyl 
ether is treated with 450 mg dimethylisopropylchlorosilane and 36 mg of triethyl- 
amine at room temperature under nitrogen for 48 hours. The reaction mixture is 
0 cooled to 0°, methanol is added, and the resulting solution is washed with water, 40 

dried (Na 2 S0 4 ), and is concentrated. The residue is dissolved in methanol (6 ml) 
and 30 mg of 5% palladium on charcoal is added. The resulting mixture is stirred 
at -22° under 1 atmosphere of hydrogen for 4 hours. After filtration and con- 
centration of the filtrate, the residue is stirred with a 65:35 mixture of acetic 
5 acid:water for 10 minutes at room temperature. The mixture is diluted with water 45 

extracted with ethyl acetate, dried (Na 2 S0 4 ) and concentrated to afford, after 
purification by silica gel chromatography, 9 - oxo - 1 la, 15a - dihydroxy -16- 
phenoxy - 17,18,19,20 - tetranor - trans - 13 - prostenoic acid. 

EXAMPLE XX. 

0 4 - (Tetrazol - 5 - yl)buty!triphenylphosphonium bromide 50 

A mixture of 5 - bromovaleronitrile (16.2 g., 0.10 mole), triphenylphosphine 
(26.2 g„ 0.10 mole) and toluene (100 ml.) was heated to reflux with stirring under 
nitrogen for 16 hours. The resulting thick white suspension was cooled to room 
temperature and filtered. The residue was washed with benzene and air dried to 

5 give 33.0 g. of a white, crystalline solid, m.p. 230—232°, which was 4 - cyano- 55 

butyltriphenylphosphonium bromide. 

Anal. Calc\iforC 2J H J3 BrNP: C 65.10; H, 5.47: N, 3 30 
Found: C, 65.01; H. 5.40; N, 3.19. 

A mixture of the phosphonium salt above (10.0 g., 23.5 mmoles), ammonium 
0 chloride (1.60 g„ 30.0 mmoles), lithium chloride (0.032 g., 0.76 mmole), sodium 60 

azide (1.91 g., 29.3 mmoles), and dimethylformamide (50 ml.) was heated to 127° 



22 



20 



25 



35 



40 



4b 



50 



55 



1.456,512 



cooled and mt^rf ^i." WItt lJ t,mn S for hours The resulting suspension was 
combined fi£?I C f n J hC £ Mdue WaS Washed w,th dimethylformamide and the 
ThT oHv -a \ iC and washln gs were concentrated (aspirator pressure, ca. 45°) 
The oily residue was crystallized from water at 0° and air dried to give a white 
SK'S 6 fh° lld . (811 - g,) ' P-P- 10 °-'02°. The product was ecrvstXed Trom 
methanol-ether to give white prisms (7.18 g.). m.p. 197— 206 6 'An analytical 
sample was prepared by recrystallization From f-propanol I to give a white 
crystalline powder, m.p. 212-213°, which was 4 - (tctrazol 5 yhbut^ltrN 
phenylphosphonium bromide. yuouiyitn- 
10 ^/.Calc'dforC^H^PBr. C, 59.10; H, 5.17; N 1199- P6 63- 

_ Br. 17.09. 

Found: C. 59.35; H, 5.28; N, 12.31: P, 6 78- 

Br, 17.26. 
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EXAMPLE XXI. 

1 - (tetrazol - 5 - yl) - 9a - hydroxy - 1 1„,15* - bis - (tetrahydropyran - 2 - vloxv^ i s 

To'FttT * 'r 7 '] 8 ' 1 ?' 20 " , f tranor " * - 5 " "™ ^ 13 - Pmstadiene: ^ 
M 49 „J; n I a™ f 4 " (tCtraZ °l ' 5 ." yDbutyltriphenylphosphonium bromide 
l ; 49 J m ' n , a dry nitrogen atmosphere in 6.0 ml. dry DMSO is added 3.24 ml of a 
° f S ,° d f Um ^thylsulfinylmethidc in DMSO. To this soluUonis 
vfoxvl 2/Tn 2 S t 0 ', U,1 £ n / 6 ' 5 mB I : 1 5 r hydrox - v ' 3 " " (tetrahydropyran - 2 20 
cvclonen/ " 1 "Jill™ WiW" _ 2 Z yl( ? Xy " 4 ' P heno *y " " ' butenyl)- 
cyc opent - la - yllacetaldehyde, ,• - hemiacetal in 5.0 ml dry DMSO over a 
period of 20 minutes. After an additional 2 hours stirring at room temperature the 

with oIn HQ," H POU 7 d Tf ic \ wate , r , The basic acLous solutionis acid fed 
™« ? F 9L and , extra ? ted Wlth ethyl acetate. The residue obtained after 2S 

17 18 19 20 ^JtrLn^r 50 ' H ' < tetrah y dro Py™ - 2 - yloxy) - 16 - phenoxV - 
i U8,iy,2U - tetranor - cis - 5 - trans - 13 - prostadiene. 

VI * . , , EXAMPLE XXII. 

14 - (methanesuI^fonylaminocarbonyl)butyi]triphenylpho S phonium bromide 30 
mnl^ % l Tf ° f °-? 5 ° g - V L m ° le) of m«hanes U Ifonamide and 1 .80 e (0 01 
rv 0 £ioL;«T OVal r C aCld , C ^ 0ri ^ was heated on a steam ^th unti ga 
Za 1 a- aS f d i Ca - 5 mi " u es >- ^e brown reaction mixture was allowed to cool 

KlteTwith^lwJ?- m ^ y n. M ? ,or ¥ e - The mcth y' ene chloride solulion wa 
S tK ? aTC ° ' ,r aS 1 tered ' and was dilut ed w 'th hexane with cooling to 35 

The nmr spectrum (CDC1,) showed a broad singlet at 4.26—3.95 * for the 
SO~ rw m P] t at , 3 - 66 T.V 3 /°, r the - C// ' Br > a si "g'et at 3.31 ,S or he 

Si' J for ,' P l Ct r^ ^Sr^'-S 6 f ° r the ~ C// ^- and a multiple, al 40 
L I- l™ the CW,— C7/,. The ir spectrum (CHCI,) showed a stronc 
absorption at 1720 cm- attributable to the carbonyl group g 

v.l*lw tt0n ° f a 20 8 u (8 ' 5 J, mmolcs > of the "-methanesulfonyl-5-bromo- 
valeramide. prepared as above, 2.24 g. (8.57 mmoles) of triphenylphosphine and 
20 ml of acetomtnle was heated to reflux under nitrogen overnight The "solution 4S 
w?th th h C nt c . onccnt ^e d b y ;otary evaporation and the resultant sTd was tr tura ed 
ethano?ethe e r nZe t n c. e ffirH^h """IT* *° M W3S recr >" a »i"d from absolute" 
carhnn vhhiftui it rL>h i u lh t * h,te L er y staIlin e l4-(methanesulfonylamino- 

attrib^tabK'thi" £52 °f lhC pr ° d ^ exhibitcd a stron « absorption at 5.85 „ 50 

r(ffr3oTfa?.hr riV " . f ° r ' h , e ar ? matic P^tons, a multiplet at 

3 00-2 38 $ for he 7^?'o 3 T 8 ' Cl u-V 2 4 ^°!;, thc - so «^. a multiplet at 
.'/V r J° , e C//,CO, and a multiplet at 2.23—1 .38 ?> for the CH CH A « 
titration of the solid product indicated the pKa 1/2 to be 5 25 Crt ^ H '' 55 

, . lft EXAMPLE XXIII. 

P- Biphenylyl 9 - oxo - 11, r, 15a - dihydroxy - 16 - phenoxy - 17.18.19.20 - tetranor - 
. «J - 5 - trans - 13 - prostadicnoate: 

-henSv Iffio 0 ? I 0 "' 3 mmole ) ° f 9 ' 0X0 " 1 Kt ' 15 - - d ihvdroxy - 16 - 60 
w & 4 LmK '^ " ,U u an °^ l m r - 5 " l,ans ■ 13 - Prostadienbic acid and 
•ig (0.4 mmole) of p - phenylphenol in 10 ml of drv methylene chloride was 
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added 825 mg (0.4 mmole) of - dicyclohexylcarbodiimide and the solution 
stirred overnight at room temperature. After concentration, the crude product was 
purified by sihea gel chromatography to give the desired />-biphenylyl ester, 
m.p. 100 — 120°. 

Anal: Calc'd for C 3fi H J6 0 G : C, 75.53; H, 6.71 c 
Found: C, 75.65; H, 6.83. 

EXAMPLE XXIV. 

p - Biphenylyl 9a,lla,15a - trihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - 
cis - 5 - trans - 13 - prostadienoate: 
To a solution of 106 mg of 9a,l U,15a - trihydroxy - 16 - phenoxy - 17,18,19 20- 10 
tetranor - cis - 5 - trans - 13 - prostadienoic acid and 189 mg. ofz>-phenylphenol in 
30 ml dry methylene chloride was added 600 mg of MA^dicyclohexylcarbodiimide 
and the solution stirred overnight at room temperature. After concentration, the 
crude product was purified by silica gel chromatography to give 80 ma pure 
15 ^-biphenylyl ester, m.p. 101—103°. 15 

Anal Calc'd for C^HjA: C, 75.25; H, 7.06 
Found: C, 75.38; H, 7.30. 

EXAMPLE XXV. 

1 - (Tetrazol - 5 - yl) - 9a,lla,15a - trihydroxy - 16 - phenoxy - 17,18,19,20 - 
w tetranor - cis - 5 - trans - 1 3 - prostadiene 20 

A solution of 300 mg. 1 - (tetrazol - 5 - yl) - 9a - hydroxy - 1 la, 15a - Mtetra- 
hydropyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - 
prostadiene m 6 ml. of 65:35 mixture of glacial acetic acid:water was stirred 
under nitrogen at 25° for 18 hours and then was concentrated by rotary evapora- 
tion The resultant crude oil was purified by column chromatography on silica 25 
gel (Malhnckrodt CC-7, 100—200 mesh) using mixtures of chloroform-ethyl 
acetate as eluant. After elution of less polar impurities the colorless, oily 1 - (tetra- 
zol - 5 - yl) - 9a,l la,15a - trihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 
5 - trans - 13 - prostadiene weighing 220 mg. (80% yield) was collected. 

M EXAMPLE XXVI. 30 

1 - (Tetrazol - 5 - yl) - 9 - oxo - 1 la, 15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - 
phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - prostadiene 
To a solution cooled to -15° under nitrogen, of 600 mg. 1 - (tetrazol - 5 - yl) - 
.?r B & y ; n *' 15 " (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 

35 17,18,19,20 - tetranor - as • 5 trans -13 - prostadiene in 12 ml. reagent grade 35 

acetone was added dropwise 0.6 ml of Jones' reagent. After 30 minutes at -10° 
. 2 * P ro P ano1 w ^s added and the reaction mixture was allowed to stir an 
additional 5 minutes at which time it was combined with 75 ml. ethyl acetate 
washed with water (3 x 10 ml.), dried (Na 2 S0 4 ) and concentrated to give 510 me' 
40 of the colorless, oily 1 - (tetrazol - 5 - yl) - 9 - oxo - 1 la,I5a - bis - (tetrahydro- 40 
pyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - 
prostadiene. 

EXAMPLE XXVII. 

1 - (Tetrazol - 5 - yl) - 9 - oxo - I la, 15a - dihydroxy - 16 - phenoxy - 17,18,19,20 - 
n tetranor - cis - 5 - trans - 13 - prostadiene ' 45 

A solution of 508 mg. ! - (tetrazol - 5 - yl) - 9 - oxo - 1 la, 15a - bis - (tetra- 
hydropyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor -cis-5- trans - 13 - 
prostadiene in 10 ml. of a 65:35 mixture of glacial acetic acid:water was stirred 
under nitrogen at 25° for 20 hours and then was concentrated by rotary evapora- 
tion The resultant crude oil was purified by column chromatography on silica 50 
gel (Malhnckrodt CC-7 100-200 mesh) using mixtures of chloroform:ethyl 
acetate as eluants. After elution of less polar impurities the colorless oily I - (tetra- 
zol - 5 - yl) - 9 - oxo - 1 1 a, 15a - dihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - 
cis - 3 - trans - 13 - prostadiene weighing 240 mg. was obtained. 

55 EXAMPLE XXVIII. 55 

N - Methanesulfonyl - 9a - hydroxy - 11 a, 15a - bis - (tetrahydropyran - 2 - 
yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - prostadieneamide 
To a solution of 1.7 g. [4 - methanesulfonylaminocarbonyl)butyl]triphenyi- 
An P aa S % ,? ium ?™ mtdc >n a dry nitrogen atmosphere in 6.0 ml. dry DMSO was 

W added 3.2 ml. (6.5 mmole) of a 2.0 M solution of sodium methylsulfinylmethide in 60 
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7 i« r S d 7 lld solutlon was added dropwise a solution of 610 mg. (1.29 
mmole) 2 - [5a - hydroxy - 3a(tetrahydropyran - 2 - yloxy - 23 - (3a - tetrahydro- 
pyran - 2' - yloxy - 4 -phenoxy - trans - 1 - butenyI)cyclopent - l a - yUacetalffie 

5 5 "hiri?-"- 18 ' 5 m '- dry DMS0 over a P eriod of 20 minut «. Affe an additionai 

5 2 hour st.rr.ng at room temperature, the reaction mixture poured onto ice Sc 
The basic aqueous solution was washed twice with ethyl acetate (3 x 20 ml ) and 
combined organic extracts washed once with water (10 ml.), dried (Na SO) and 
evaporated to an oil. Chromatography on silica gel afforded 4 ig 'pure oil? 
10 X" m « thancsu,f o n yl - 9a- hydroxy - 1 1 a, 1 5a - Mtetrahydropyran - 2 - yloxy - 

10 16 - phenoxy - 17,18,19.20 - tetranor - cis - 5 - trans - 13 - prostadienamide 

M km u ,, EXAMPLE XXIX. 

N - Methanesulfonyl - 9a, I la, 15a - trihydroxy - 16 - phenoxy - 17 18 19 ''O - 
tetranor - cis - 5 - trans - 13 - prostadienamide 
IS „ . A u s ° lutlon of 2 50 "ig. of A' - methanesulfonyl - 9,> - hydroxy - 1 l„,15u - bis - 

tctrahydropyran - 2 - yloxy) - 16 - phenoxy - 17.18.19,20 - tetranor - cis - 5 - 15 
trans - 13 - prostadienamide in 5 ml. of 65:35 mixture of glacial acetic acid-water 
was stirred under nitrogen at 25° for 18 hours and then was concentrated to a 
^ d , e ,,°7 ^ h '. ch ^^ s P^ rifled h y column chromatography on silica gel 
( Ma hnckrodf CC-7, 100-200 mesh) using mixtures of chlorofbrnrethv 
acetate as eluants After elution of less polar impurities the colorless oily N- 20 
methanesulfonyl - 9,»,1 la ,15a - trihydroxy - 16 - phenoxv - 17,18,19,20 - tetranor - 
' l : P rostadlc "amide weighing 180 mg. was collected. The product 
was shown to be homogeneous by liquid-liquid chromatography. 

v k, l. „ EXAMPLE XXX. 

" N - Methanesulfonyl - 9 - oxo - 1 la,15a - bis - (tetrahydropyran - 2 - yloxv) - 16 - 25 

phenoxy - 17.18,19 20 - tetranor - cis - 5 - trans 13 - prostadienamide 
To a solution cooled to -10° under nitrogen, of 400 mg. of ;V - methane- 
7 ' I? 1 !! 'n ; h , ydr ° Xy ■ ' l °'l 5a ■ biS • f «™^~Pyran - 2 - yloxv) - 16 - phenoxy - 
30 ' " i?T.i " aS ■ 5 ~J ra " S - 13 " P^tadienamide in 8 ml. reagent grade 

acetone was added dropw.se 0.4 ml. of Jones reagent. After 30 minutes at 1 10° 30 
,Xiv i" P ro P ano1 was ad . d c d and the reaction mixture was allowed to stir an 
additional 5 minutes at which time it was combined with 60 ml. elhvl acetate 
washed wnh water 3 x 10 ml.) dried (Na 2 SO,) and concentrated to afford 380 mg 
of the colorless oily N - methanesulfonyl - 9 - oxo - lla,15,r - bis (tctrahvdm- 
35 pyran - 2 - yloxy) - 16 - phenoxy - 17.18,19,20 - tetrano - cis 5 13 - 35 

prostadienamide. 

VI „ L EXAMPLE XXXI. 

N - Methanesulfonyl - 9 - oxo - 1 I a, 15a - dihydroxy - 16 - phenoxy - 17 18 19^0- 
^"nor - as - 5 - trans - 13 - prostadienamide 
40 A solution of 260 mg. of N - methanesulfonyl - 9 - oxo - 1 1 a, 1 5a - bis - (tetra- 40 

hydropyran - 2 - yloxy) - 16 - phenoxy - 17.18,19,20 - tetranor - cis - 5 - trans - 13 - 
prostadienamide in 6 ml. of a 65:35 mixture of glacial acetic acid:water was 
stirred under nitrogen at 25° for 20 hours and then was concentrated to a crude 
oil whichwas purified by column chromatography on silica gel (Mallinckrodt 
1 .*• * 100 r: 200 m< | sh ) . usin 8 mixtures of chloroform:ethyl acetate as eluants. After 45 
elution of less polar impurities the colorless N - methanesulfonyl - 9 - oxo - 
I \<*A5a - dihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trans - 13 - 
prostadienamide weighing 130 mg. was obtained. The product crystallized from 
ether as colorless crystals, m.p. 76°. 

50 EXAMPLE XXXII. 

9/Ula,15a- Trihydroxy - 16 -phenoxy - 17,18.19.20 - tetranor - cis - 5 - trans - 13 - 

prostadienoic acid 

To a stirred solution of 0.18 g. (0.47 mmole) 9 - oxo - 1 la, 15a - dihvdroxy - 

« LZ nn Xy i \ I . 7 n , . 8,I9,20 / J t 5 tran< £ * C ! s ■ 5 ' tram " 13 " Prostadienoic' acid in 

55 MeOH (20 ml.) at 0° was added a cold solution of 0.06 g. NaBH 4 in MeOH (10 ml) 55 

After I hour at 0 , the reaction was quenched by addition of water (4 ml ) and 
concentrated under reduced pressure. The residue was acidified with 10° HCI 
to pH 3, extracted with ethyl acetate, dried (Na ? S0 4 ) and concentrated 
Chromatography on 20 g. silica gel (CC-7) and elution with methanol-benrene 
60 afforded pure 9/5 1 1„,15* - tr.hyd.oxy - 16 - phenoxy - 17.18.19,20 - tetranor - fin 

C 'rV->w£ r u J " J- 3 " P^dienoic acid, as a colorless oil. homogenous on t.l.c. 
' 0.25 (C,H t - dioxan HCO,H. 15-5:2) 
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EXAMPLE XXXIII. 
N - Benzoyl - 9 - oxo - 1 l a ,15« - dihydroxy - 17,18,19,20 - tetranor - 5 - cis - 13 - 
t n trans ' ^ " P nenox y - prostadienamide: 

To 1.0 m mole of 9 - oxo - 1 la,15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - 
P'}?" 0 . x >' • 1 1 8 - 1 , 9 '2° " tetranor - cis - 5 - trans - 1 3 - prostadienoic acid (Example 5 
VIII) in 40 ml. THF is added 2 ml. triethylamine. After 15 minutes of stirrine at 
room temperature 10.0 ml of 0.1 molar benzoyl isocyanate in THF is added. After 
a further hour of stirring, the reaction mixture is neutralized with acetic acid 
and the solvent removed by evaporation (in vacuo). The resultant residue is taken 
up in methylene chlorine and washed successively with water and sodium m 
bicarbonate to yield, after drying and solvent evaporation, N - benzoyl - 9 - oxo - 
1 la, 15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetra- 
nor - cis - 5 - trans - 13 - prostadienamide. This intermediate is then hydrolized 
overnight with acetic acid/water (as in Example IX) and purified by column 
15 chromatography to give the desired N - benzoyl - 9 - oxo - 1 la, 15a - dihydroxy - , <; 

5 - as - 13 - trans - 16 - phenoxy - 17.18,19,20 - tetranorprostadienamide. 

EXAMPLE XXXIV 
N - Methanesulfonyl 9 - oxo - lla,15a - dihydroxy - 5 - cis - 13 - trans - 16 - 
phenoxy - 17,18,19,20 - tetranorprostadienamide: 
20 . To 10 , m of 9 - oxo - 1 la, 15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - 20 

$m°- Xy ;n I7 ', 18 42£°-" "J?^ ■ c ! s - 5 * trans - 13 " P^tadienoic acid (Example 

VIII) in 40 ml, THF is added 2 ml triethylamine. After 15 minutes of stirring at 

ro .°/V em - perature ,0 -° mI of 01 molar methanesulfonyl isocyanate in THF is 
added. After a further hour of stirring, the reaction mixture is neutralized with 
25 acetic acid and the solvent removed by evaporation (in vacuo). The resultant 25 

residue is taken up in methylene chlorine and washed successively with water 
and sodium bicarbonate to yield, after drying and solvent evaporation N - 
methanesulfonyl - 9 - oxo - lla,15a - bis - (tctrahydropyran - 2 - yloxy) - 16 - 
phenoxy - 17,18 19.20 - tetranor - cis 5 - trans - 13 - prostadienamide. This 
intermediate is then hydrolized overnight with acetic acid/water (as in Example 30 

IX) and purified by column chromatography to give the desired N - methane- 

n °s n ft ;r? \°, X ° " llaJ V dih y drox >' " 5 " ™ - 13 - trans - 16 - phenoxy - 
17,18,19,20 - tetranorprostadienamide. 

~ K . , EXAMPLE XXXV. 

N - Acetyl - 9a - hydroxy - 1 !a,15a - bis - (tetrahydropyran - 2 - yloxv) - 16 - 3S 
phenoxy - 17,18 1,19 20 - tetranor - cis - 5 - trans - 13 - prostadienamide 
To a solution of 5.32 g [4 - (acetamidocarbonyl)butyljtriphenylphosphonium 
bromide in a dry nitrogen atmosphere in 10 ml dry DMSO was added 17 7 ml of 
a 2.0 M solution of sodium methylsulfinylmethide in DMSO. To this red ylid solu- 
w tion was added dropwise a solution of 0.524 g (1.1 mmoles) 2 - [5a - hydroxy - 3a - 40 
tctrahydropyran - 2 - yloxy) - 2/i - (3a - tetrahydropyran - 2' - yloxy - A \ phenox? - 
" butenyl)cycIopen -> - yllacetaldehyde, y - hemiacetai in 10 ml dry 
DMSO over a period of 20 minutes. After an additional 2 hours stirring at room 
temperature, the reaction mixture was poured onto ice water. The basic aqueous 
45 so u ion was washed twice with ethyl acetate (3 x 25 ml) and combined organic 45 
extracts washed once with water (10 ml), dried (Na 2 S0 4 ) and evaporated to an 
oil Chromatography on silica gel afforded 0.66 gm pure oily N - acetyl - 9a - 
hydroxy - 1 la,15a - bis - (tetrahydropyran - 2 - yloxy) - 16 - phenoxy - 17 18 19 20 - 
tetranor - as - 5 - trans - 13 - prostadienamide. ' ' ' 

50 EXAMPLE XXXVI. 

' Acet y' - 9a > 1 la .*5a - trihydroxy - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 
5 - trans - 13 - prostadienamide 
A solution of 0.39 g of AT - acetyl - 9a - hydroxy - 1 la. 15a - 6/j - (tetrahydro- 
pyran - 2 - yloxy) - 16 - phenoxy - 17,18,19,20 - tetranor - cis - 5 - trims 13 - 
55 prostadienamide in 5 ml of 65:35 mixture of glacial acetic acid: water was stirred 

under nitrogen at 25° for 18 hours and then was concentrated to a crude oil which 
was purified by column chromatography on silica gel (CC-7), using mixtures of 
ch oroform:ethyl acetate as eluant. After elution of less polar impurities the 
colorless oil N - acetyl - 9a 1 la.l5a - trihydroxy - 16 - phenoxy - 17.18,19 20 
60 tetranor - as - 5 - trans - 13 - prostadienamide weighing 95 mg. was collected 



50 



55 



60 
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K[ . , „ EXAMPLE XXXVII. 

' y 17 I ViQ50 ' !'V 15 " " b ' S ■ < te i rah ydropyran - 2 - yloxy) - 16 - phenoxy - 
17 18,19,20 - etranor - as - 5 - fra/w - 13 - prostadienamide! 
To a solu ion cooled to -10° under nitrogen, of 394 mg N - acetyl - 9-, - 
Snnr " lt \ , ' * ' .^^ropyran ; 2 - yloxy) - 1 6 - phenoxy - 1 7. 18. 1 9.20 - 5 
SEaa " ' 'n r ?? J " , 13 ;P ro «adienamide in 10 ml reagent - grade acetone was 
added dropw.se 0.27 ml of Jones reagent. After 30 minutes at -10° 0 4 m\*- 
propanol was added and the reaction mixture was allowed to stir an'additional 

JZi ?'x V^toSltiSX mb H ined Whh 6 °, ml e,h y' acetate ' wasSed'Sh 
S - acetyl 9 Vxo 1 U if 'V^rf °"" n ' ralcd t0 af ^ d 390 mg of colorless 10 
?7 ib io in * . V " ■ ' 1* ' bls ' ( tetr ahydropyran - 2 - yloxy) - 16- phenoxy - 
17,18,19,20 - tetranor - as - 5 - irons - 13 - prostadienamide. y 

m A , „ EXAMPLE XXXVIII. 

N - Acetyl - 9 - oxo - 1 1,»,IS,> - dihydroxy - 16 - phenoxy - 17.18,19.20 - tetranor - 

.... r , " f ' i • trans " 13 - prostadienamide 15 
A solution of 390 mg of N - acetyl - 9 - oxo - 1 1 a, 15a - bis - (tetrahydropyran - 

2 - yloxy) - 16 - phenoxy - 17,18,19.20 - tetranor - as - 5 - trans - 13 T prosSdien 

n!7™ So 0 / % 6 n 5 l 35 mixtUre of * iacial acetic acid:wate7was fstir ed under 
n.trogen at 25° for 20 hours and then was concentrated to a crude oil which was 
20 punned by column chromatography on silica gel using mixtures of chloroforrn 20 

* tetv? 9 n" ft" ° f ,e ,V P °l* T impUritics the co,orless ^ 

a-< s We " n° " 1 la l l5 J- ' d,h .>; drox y -6 - phenoxy - 17,18,19.20 - tetranor - 
as - 5 - trans - 13 - prostadienamide weighing 76 mg. 

WHAT WE CLAIM IS:— 
25 An optically active or racemic compound of the formula:— 25 



and its C I5 epimer; 

trimeThox^njf- PhCny1 ' ^^hoxyphenyl, 3,4-methylenedioxyphenyl. 3,4.S- 
iXf , ? P - u y ! : '*' or .>naphlhyl or monosubstituted phenyl wherein s d 
subst.tuent is halogen, tnrfuoromethyl, phenyl, lower alkyl or loweralkoxv- 
wherein lower is defined as 1 to 6 carbon atoms- y> 30 

R is hydrogen or lower alkyl; 

and mdo^o? e^cteS 3°;' ^ W *° m ' l ° 3 Wkh the pr ° vis ° that the sum of « 
3 5 W is a single bond or cis double bond; 

Z is a single bond or trans double bond- 35 
M is oxo, ' 



40 m' - nd t ^ hcn f aken l0 « elher f °rm a single bond; or 

togetL^^ M K°o 8 ; en ""^ thal Wh » N ' Md L 40 

X is /»-phenylphenoxycarbonyl: 5-tctrazolyl; or 



45 from 4 n to R 8 " Lfc?' haVi " 8 'i™ 2 . t0 - 10 carbon atoms or cycloalkanoyl having 

from 4 to 8 carbon atoms; aroyl or substituted aroyl of from 7 to 1 1 carbon atom? 45 
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wherein said substituent is methyl, halogen, or methoxy; alkylsulfonyl of from 1 to 
7 carbon atoms, arylsulfonyl or substituted arylsulfonyl wherein said substituent is 
methyl, halogen or methoxy: and the lower alkanoates, formates and benzoates of 
the hydroxy groups at the C 9 -, C n - and expositions. 

2. A compound according to claim 1, of the formula: — 

OH 




IA 



(Ctt2)n-0-(CH 2 )rn Ar 



and its C„ epimer, wherein An R, m, n, W, Z and X are as defined in claim 1 
J. Ine compound of claim 1, wherein M is 

.OH 



L is a single bond and N' is a-hydroxyl and its C I3 epimer 
4. A compound according to claim 1, of the formula:— 



HO 




IB 



, (CH2) n -0-(CH z ) m Ar 



OH 



and its C 13 epimer wherein Ar, R, m, n, W, Z and X are as defined in claim 1 
5. A compound according to claim 1, of the formula:— 




IC 



( C H 2 )-0-(cH 2 ) m AR 



and its C 13 epimer wherein Ar, R, m, n, W, Z and X are as defined in claim 1 
o. An optically active or raccmic compound of the formula:— 



THP0** 




X IIAA 
(CH 2 ) n -0-(CH 2 )^Ar 



R 'OTHP 

fn^rfim 0 ! 1 ? S^W 6 ™ 11 Ar ', R ' m ' n ' W ' Z < X and lower are as defined 

in claim 1; THP is 2-tetrahydropyranyl. 

7. An optically active or racemic compound of the formula:— 
0 



10 



15 



20 



THPO 




(CH2)n- 0 -(CH 2 )mAr 



10 



20 



25 



30 



40 



.... UH 
L is hydrogen and N' is o-hydroxy. 

14. The compound of claim 2. wherein n and m are each O 

5. The compound of claim 2, wherein n and m are each 1 ' 

6. The compound of claim 4, wherein n and m are each O 

7. The compound of claim 4, wherein n and m are each I ' 
18. A compound according to claim 2, wherein X is 



O 

I! 

— NHR" 



phenyl 

35 20. A compound according to claim 2, wherein X is 



— NHR" 



21. A compound according to claim 2, wherein X is 
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o o 

and the C 15 epimer thereof; wherein Ar, R, m, n, W, Z, X, lower and THP are as 
defined in claim 6. 

8. The compound of claim I , wherein n and m are each O, Ar is phenyl W is a 
5 hydro"? d ° UbIe b ° nd ' M ' S ° X °' L iS h >' d rogen and N' is a- 

9. The compound of claim I , wherein n and m are each O, Ar is phenyl W is a 
as double bond, Z is a trans double bond, M is ' 

/* 

L is hydrogen and N' is ^-hydroxy. 

a J°-J hc compound of claim 1, wherein n is O. m is O, Ar is phenyl W is a m in 
double bond, Z is a trans double bond, M is pnenyi, v% is a as 10 

L is hydrogen and N' is ^-hydroxy. 
15 J. 1 - Jhe compound of claim 1, wherein n is O, m is O, Ar is phenyl W is a ™ 

sing^bond'' Z ' S a tmnS d ° Uble b0nd ' M i$ 0x0 » nd -d'V P She? form a 15 
j . \ 2 - Jhe compound of claim 1, wherein n is O, m is 1, Ar is phenyl W is a n\ 
SydfogeS 0 "'" Z ' S 3 ^ d ° uble b0nd ' M is oxo - N ' is -hydrox;Tnd i% 

H 



25 



hv h Hrni n R " " ^ Cety1, W K*J S double bond - Z is a double bond R is 30 
hydrogen, n and m are each O, Ar is phenyl. 

h„..J. u c . om ,P ound according to claim 2, wherein X is 5-tetrazolyl W is a cis 
double bond, Z ,s a ,m« double bond, R is hydrogen, n and m are each df Ar Is 



35 



O 

11 

— C— NHR' 40 
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wherein R" is a methanefulfonyl, Wisam double bond, 2 is a trans double bond, 
R is hydrogen, n and m are each O and Ar is m-methoxy phenyl. 

22. A compound according to claim 4, wherein X is 

O 

ti 

— C — NHR* 

5 wherein R" is acetyl, W is a cis double bond, Z is a trans double bond, R is 5 

hydrogen, n and m are each O, Ar is phenyl. 

23. A compound according to claim 4, wherein X-is 

O 

ii 

— C — NHR" 

wherein R" is acetyl, W is a cis double bond, Z is a trans double bond, R is 
hydrogen, n and m are each O and Ar is m-methoxyphenyl. 10 

24. A compound according to claim 4, wherein X is tetrazolyl, W is a cis 
double bond, Z is a trans double bond, R is hydrogen, n and m are each O Ar is 
phenyl. ' 

25. A compound according to claim 4, wherein X is 



10 



15 



20 



O 

ii 

— C — NHR" 

wherein R" is methanesulfonyl, W is a cis double bond, Z is a trans double bond R 
is hydrogen, n and m are each O, Ar is phenyl. 

26. Optically active 16 - phenoxy - 17,18,19,20 - tetranor ■ PGE 2 p-biphenyl 
ester. ' 



a) when N' is or-hydroxy and L is hydrogen and Ar, N, m, M, W, X and Z are as 
defined above, hydrolysing with an acid a compound of Formula IIC:— 



THPO' 




(CH 2 ) n -0-(cH 2 ) m Ar 



EC 



15 



27. Optically active 16 - phenoxy - 17,18,19,20 - tetranor - PGF^ p-biphenyl 20 
ester. J 

ester 28 ' ° pticaily aCtive 16 * P hcnoxv ' 17,18,19,20 - tetranor - PGF W /7-biphenyl 

29. A process for preparing a compound of formula I as claimed in claim 1 
25 which comprises: — 1 



25 



or the C I5 epimer thereof, wherein Ar, n, m, W, Z and X are as defined above THP 
30 is 2-tetrahydropyranyl, and R J is hydrogen or THP, with the proviso that when R 3 30 

is hydrogen M is oxo; ^ 

b) when N' and L, when taken together form a single bond, M is oxo and Ar, n, m, 
i • ■ Z ? Tt , 35 defined above . reacting a compound of Formula I, above 

wherein N is a-hydroxy and L is hydrogen, M is oxo and Ar, n, m, R, W, X and Z 

are as denned above, with an acidic dehydrating agent; 35 

c) when N' is or-hydroxy and L is hydrogen, M is 

"0H '■••H 
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and Ar, n, R, W and Z arc as defined above, reducing a compound of the Formula 

1, above, wherein N is tt -hydroxy and L is hydrogen, M is oxo, Ar, n, m, R, W, X 
and Z are as defined above, with a carbonyl reducing agent which does not react 
with ester or carboxamide groups or carbon to carbon double bonds, and if 
desired, separating the 9«- and 9/i-isomers; 

SSw .IS 7 ^ty*™** L 5 hydrogen, Ar R, n, m. M and X are as defined above, 
I ahZl thML S A S p b ° nds ' S^JjwaJly hydrogenating a compound of Formula 
• a t\ £"V n Ar ' % - n ' m ' M and X are as de " ned above - w 's a single bond or 
as double bond when Z is a trans double bond and Z is a single bond when W is a 
cis double bond; 

e) when N» is « -hydroxy, L is hydrogen, Ar, R, n, m, X and M are as defined above 
w is a single bond and Z is a trans double bond, selectively hydrogenatinc a 
compound of Formula I, wherein Ar, R, n, m, X and M are as defined above and 
w is a as double bond and Z is a trans double bond; 

0 when X is/)-phenylphenoxycarbonyI, Ar, R, n, m, L, N'. W and Z are as defined 
above reacting a compound of Formula I wherein X is — COOH with p- 
phenylphenol; y 

g) when X is 

O 

il 

— C — NHR" 

wherein R* is as defined above, M, Ar, R, n, m, L, N', W and Z are as defined 
above, reacting a compound of Formula I above wherein X is COOH with an 
isocyanate of the formula R'NCO, wherein R" is as defined above, and 
hydrolysmg the compound thus obtained; and, if desired, preparing the 9«- or 9/J- 
\ ?C r A a 'ower alkanoates, formates or benzoates of the free hydroxy groups 
at the C„ C„ and C, 5 positions by reacting said compounds with the appropriate 
acylating agents. vv ^ 

30. A process for preparing a compound of the formula I A as claimed in claim 

2, which comprises: — 

a) hydrolysing with an acid, a compound of Formula IIA: 




twpo" ' 2) <T°~ (CH2 V r ....jA 

OTHP 



defined;" CPimCr ' WhCrCi " Ar> ™' W ' Z ' X and THP are as hereinbefore 
b) reducing a compound of the formula: 



0 




IB 

HO ^ y., N (CH^)-0-(CH 2 ) m Ar 



or its C,, epimer, wherein Ar, n, m, R, W, X and Z are as defined above with a 
red T ng w h^h does not react with ester or carboxamide group^ ; or 
carbon to carbon double bonds, and then separating the 9a- and 9/3-isoX 



c) catalytically hydrogenating a compound of Formula IA, above, wherein Ar, R, n, 
m and X are as defined above, W is a single bond or cis double bond when Z is a 
trans double bond and Z is a single bond when W is a cis double bond, to a 
compound of Formula IA, above, wherein Ar, n, M and X are as defined above 

and W and Z are single bonds; 5 

d) when X is/>-phenylphenoxycarbonyi, Ar, R, n, m, L, N\ W and Z are as defined 
above, reacting a compound of formula I wherein X is — COOH with />- 
phenylphenol; 

e) when X is 

O 

II 

— C— NHR" 10 

wherein R" is as defined above, M, Ar, R, n, m, L, N\ W and Z are as defined 
above, reacting a compound of formula I above wherein X is COOH with an 
isocyanate of the formula R"NCO, wherein R" is as defined above, and 
hydrolysing the compound thus obtained; and, if desired, preparing the 9a- or 9/J-, 
1 la- and 15a-tri(lower alkanoates), triformates or tribenzoates of the free hydroxy 15 
groups at the C„ C„ and C 13 positions by reacting said compounds with the 
appropriate acylating agents. 

31. A process for preparing a compound of the formula IB as claimed in claim 
4, which comprises: — 

a) hydrolysing with an acid, a compound of Formula IID:— 20 



(CH 2 )-0-(CH 2 ) m Ar JLD 



THPO 




or its C w epimer wherein Ar, R, m, n, W, Z, X, R 3 and THP are as defined above; 

b) catalytically hydrogenating a compound of Formula IB, above, wherein Ar, X, 
R, m and n are as defined above W is a single bond or a cis double bond when z'is a 

trans double bond and Z is a single bond when W is a cis double bond, to afford a 25 
compound of Formula IB wherein Ar, X, m, n, and R are as defined above and W 
and Z are single bonds; 

c) when X isp-phenylphenoxycarbonyl, Ar, R, n, m, L, N\ W and Z are as defined 
above, reacting a compound of formula I wherein X is —COOH with p- 
phenylphenol; 

d) when X is 

O 

— C — NHR" 

wherein R" is as defined above, M, Ar, R, n, m, L, N\ W and Z are as defined 
above, reacting a compound of Formula I above, wherein X is COOH with an 
isocyanate of the formula R*NCO, wherein R" is as defined above, and 35 
hydrolysing the compound thus obtained, and, if desired, preparing the di('lower 
alkanoates), diformates or dibenzoates of the free 11- and 15-hydroxy groups by 
reacting said compounds with the appropriate acylating agents. 

32. A process for preparing a compound of the formula IC as claimed in claim 
5, which comprises: — 4q 
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a) treating a compound of Formula IB:— 

0 

w 

la 




HO (CH^-O-CCH^^Ar 
R "OH 

or ks C M epimer wherein Ar, R, m, n, W, X and Z are as defined above, with an 

b) when X is />-phenylphenoxycarbonyl, Ar, R, n, L, N\ W and Z are as defined 
S^ipKnoI; 08 U C ° mPOUnd ° f f ° rmUla 1 WherCin X is -COOHwkh p 

c) when X is 

0 

II 

— C — NHR" 

wherein R" is as defined above, M, Ar, R, n, m, L, N\ W and Z are as defined 
above, reacting a compound of formula I above, wherein X is COOH with an 
isocyanate of the formula RTMCO wherein R" is as defined above, and hydrolysine 
the compound, thus obtained; and, if desired, preparing the C ls -lower alkanoates 
tormates or benzoates by reacting said compound with the appropriate acylating 
agents. 

33 A process for preparing a compound of the formula IIA as claimed in 
claim 6 which comprises reacting a compound of Formula II:— 




THPO'* V V \ C H;) n -0-(CH;) m Ar 



OJHP 



^™%3i™ T teE^ tnin Ar - R - n ' m ' z and THP are as defined ^ 

(C t H J ) 3 P=C H— C H 2 — C H 2 — C H 2 — X 
wherein X is as defined above, with the proviso that when X is P-phenylphenoxv- 

(^VchT^CH^ChTSJ 1 y«?e 
IciWr-'T ~.u i CH »— CH '— CH j7- C0 i H and the result ng compound 
R n l!f Y 7 3^ti?d j l ? a ^ ord a com P°"nd of Formula IIA wherein Ar, 
' "•• m \ X - 1 and TH , P arc J as defined above and W is a cis double bond, and when 
Ar qU R Cd n' f^t hydrogenating a compound of Formula IIA above, where™ 
Ar, K, m X, n and THP are as defined above, W is a cis double bond, and Z is a 
/^Vi?d ' C b ° nd / r° f ^ rm . a com P° u nd °f formula II above wherein Ar, R m n 
and THP are as defined above and W and Z are single bonds; selectively hydro" 

SedVbovfPwi^ ° f y F 5 rm i!! a L IA , ab ° V .f ^«"in Ar. R, m n and TfiP aVe is 
?„1J Tc IS , a M* double . b ond and Z is a trans double bond, to form a 
W?< P ? c?i? f K° rmUla J IA '. where 'n Ar, R. m, X. n and THP are as defined abovet 
W is a single bond and Z is a trans double bond ' 

J 4 7 A f- ro i. cess for .P rc P arin 8 a compound of the formula IIB as claimed in 
c aim 7, which comprises reacting a compound of Formula IIA as claimed in 
claim 6 with chromic acid in aqueous sulfuric acid and acetone 
h „„^ J Compound! of formula I as claimed in claim I, substantially as 

and i xxxni to* xxxvm ence lo Examplcs XX1, xxni - XXIV to ^xf 
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